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EXCAVATOR

A shovel (100) includes a lower traveling body

(1), an upper turning body (3) turnably mounted on the
lower traveling body (1), an actuator mounted on the low-
er traveling body (1) or the upper turning body (3), and
a controller (30) configured to restrict movement of the
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actuator. The controller (30) sets a virtual wall (VW), and
restricts the movement of the actuator based on a posi-
tional relationship between the virtual wall (VW) and the
shovel (100).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a shovel serv-
ing as an excavator.

BACKGROUND ART

[0002] An excavator that includes an attachment and
a turning mechanism is known (see Patent Document 1).
The excavator is configured to stop the turning operation
of the attachment when the excavator detects an ap-
proaching object and determines that there is a high like-
lihood that the attachment will collide with the object.

RELATED-ART DOCUMENTS
PATENT DOCUMENTS

[0003] Patent Document 1: Patent Document 1: Jap-
anese Unexamined Patent Publication No. 2012-21290

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] However, if no object approaches the excava-
tor, the excavator does not stop the turning operation of
the attachment. Therefore, there is a possibility that the
attachment may enter a space where the attachment is
not expected to enter.

[0005] In view of the above, it is desirable to more ap-
propriately restrict the movement of a shovel.

MEANS TO SOLVE THE PROBLEM

[0006] According to an embodiment of the present in-
vention, a shovel includes a lower traveling body, an up-
per turning body turnably mounted on the lower traveling
body, an actuator mounted on the lower traveling body
or the upper turning body, and a controller configured to
restrict movement of the actuator. The controller sets a
virtual wall, and restricts the movement of the actuator
based on a positional relationship between the virtual
wall and the shovel.

EFFECTS OF THE INVENTION

[0007] With the above-described means, it is possible
to more appropriately restrict the movement of a shovel.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1A is a side view of a shovel according to an
embodiment of the present invention;
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FIG. 1B is a top view of the shovel according to the
embodiment of the present invention;

FIG. 1Cis a side view of the shovel according to the
embodiment of the present invention;

FIG. 1D is a top view of the shovel according to the
embodiment of the present invention;

FIG. 2 is a diagram illustrating an example configu-
ration of a hydraulic system installed in the shovel
of FIG. 1A;

FIG. 3A is a diagram illustrating the positional rela-
tionship between components constituting the shov-
el;

FIG. 3B is a diagram illustrating the positional rela-
tionship between components constituting the shov-
el;

FIG. 4 is a perspective view of the shovel;

FIG.5 is adiagram illustrating another example con-
figuration of a hydraulic system installed in the shovel
of FIG. 1A;

FIG.6Ais adiagramillustrating a part of the hydraulic
system of FIG. 5;

FIG.6Bis adiagramillustrating a part of the hydraulic
system of FIG. 5;

FIG.6C isadiagramillustrating a part of the hydraulic
system of FIG. 5;

FIG.6D is adiagramillustrating a part of the hydraulic
system of FIG. 5;

FIG. 7 is a diagram illustrating an example configu-
ration of the controller;

FIG. 8 is a perspective view of the shovel;

FIGS. 9 are diagrams illustrating configuration ex-
amples of outer surfaces of the shovel;

FIG. 10 is a diagram illustrating another example
configuration of a controller;

FIG. 11 is a diagram illustrating yet another example
configuration of a controller;

FIG. 12 is a schematic diagram illustrating an exam-
ple configuration of a shovel management system;
and

FIG. 13 is a diagram illustrating an example of an
image displayed on an assist device.

MODE FOR CARRYING OUT THE INVENTION

[0009] First, a shovel 100 serving as an excavator ac-
cording to an embodiment of the present invention will
be described with reference to FIG. 1A through FIG. 1D.
FIG. 1A and FIG. 1C are side views of the shovel 100.
FIG. 1B and FIG. 1D are top views of the shovel 100.
FIG. 1A is the same as FIG. 1C except for reference
numerals and auxiliary lines, and FIG. 1B is the same as
FIG. 1D except for reference numerals and auxiliary
lines.

[0010] In the present embodiment, the shovel 100 in-
cludes hydraulic actuators. The hydraulic actuators in-
clude alefttraveling hydraulic motor 2ML, aright traveling
hydraulic motor 2MR, a turning hydraulic motor 2A, a
boom cylinder 7, an arm cylinder 8, and a bucket cylinder
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9.

[0011] A lower traveling body 1 of the shovel 100 in-
cludes crawlers 1C. The crawlers 1C are driven by
traveling hydraulic motors 2M mounted on the lower
traveling body 1. Specifically, the crawlers 1C include a
left crawler 1CL and a right crawler 1CR. The left crawler
1CL is driven by a left traveling hydraulic motor 2ML, and
the right crawler 1CR is driven by a right traveling hy-
draulic motor 2MR.

[0012] Anupper turning body 3 is turnably mounted on
the lower traveling body 1 via a turning mechanism 2.
The turning mechanism 2 is driven by a turning hydraulic
motor 2A mounted on the upper turning body 3. However,
the turning hydraulic motor 2A may be a turning electric
motor serving as an electric actuator.

[0013] Aboom 4 is mounted on the upper turning body
3. An arm 5 is attached to the end of the boom 4, and a
bucket 6, which serves as an end attachment, is attached
to the end of the arm 5. The boom 4, the arm 5, and the
bucket 6 constitute an excavation attachment AT, which
is an example of an attachment. The boom 4 is driven
by the boom cylinder 7, the arm 5 is driven by the arm
cylinder 8, and the bucket 6 is driven by the bucket cyl-
inder 9.

[0014] The boom 4 is supported so as to be pivotable
relative to the upper turning body 3. A boom angle sensor
S1 is attached to the boom 4. The boom angle sensor
S1 can detect a boom angle B1 that is the rotation angle
of the boom 4. The boom angle B1 is, for example, a
climb angle from the lowermost position of the boom 4.
Therefore, the boom angle 31 maximizes when the boom
4 is raised most.

[0015] The arm 5 is supported so as to be pivotable
relative to the boom 4. An arm angle sensor S2 is at-
tached to the arm 5. The arm angle sensor S2 can detect
an arm angle B2 that is the rotation angle of the arm 5.
The arm angle B2 is, for example, an opening angle from
the most closed position of the arm 5. Therefore, the arm
angle B2 maximizes when the arm 5 is most open.
[0016] The bucket 6 is supported so as to be pivotable
relative tothe arm5. Abucketangle sensor S3 is attached
to the bucket 6. The bucket angle sensor S3 can detect
a bucket angle B3 that is the rotation angle of the bucket
6. The bucket angle B3 is an opening angle from the most
closed position of the bucket 6. Therefore, the bucket
angle B3 maximizes when the bucket 6 is most open.
[0017] According to the embodiment of FIGS. 1, each
of the boom angle sensor S1, the arm angle sensor S2,
and the bucket angle sensor S3 is constituted of a com-
bination of an acceleration sensor and a gyroscope. How-
ever, at least one of the boom angle sensor S1, the arm
angle sensor S2, and the bucket angle sensor S3 may
be constituted of an acceleration sensor alone. Further,
the boom angle sensor S1 may be a stroke sensor at-
tached to the boomcylinder 7, or may be arotary encoder,
a potentiometer, an inertial measurement unit, or the like.
The same applies to the arm angle sensor S2 and the
bucket angle sensor S3.
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[0018] A cabin 10thatis acab is provided on the upper
turning body 3, and a power source such as an engine
11 is mounted on the upper turning body 3. Further, an
object detector 70, an image capturing device 80, a body
tilt sensor S4, a turning angular velocity sensor S5, and
the like are attached to the upper turning body 3. An op-
eration device 26, a controller 30, a display device D1,
an audio output device D2, and the like are provided in
the cabin 10. In the present specification, for conven-
ience, the side of the upper turning body 3 to which the
excavation attachment AT is attached is defined as the
front side, and the side of the upper turning body 3 to
which a counterweight is attached is defined as the back
side.

[0019] The objectdetector 70 illustrated in FIG. 1C and
FIG. 1D is an example of a surroundings monitoring de-
vice, and is configured to monitor objects in the vicinity
of the shovel 100. Examples of the objects include peo-
ple, animals, vehicles, work equipment, construction ma-
chines, buildings, walls, fences, and holes. The object
detector 70 may be a camera, an ultrasonic sensor, a
milliwave radar, a stereo camera, a light detection and
ranging (LIDAR), a distance image sensor, or an infrared
sensor. In the present embodiment, the object detector
70 includes a rear sensor 70B and an upper rear sensor
70UB, which are LIDARSs attached to the rear end of the
upper surface of the upper turning body 3, a front sensor
70F and an upper front sensor 70UF, which are LIDARs
attached to the front end of the upper surface of the cabin
10, a left sensor 70L and an upper left sensor 70UL,
which are LIDARs attached to the left end of the upper
surface of the upper turning body 3, and a right sensor
70R and an upper right sensor 70UR, which are LIDARs
attached to the right end of the upper surface of the upper
turning body 3.

[0020] The rear sensor 70B is configured to detect an
object located behind and obliquely below the shovel
100. The upper rear sensor 70UB is configured to detect
an object located behind and obliquely above the shovel
100. The front sensor 70F is configured to detect an ob-
ject located in front of and obliquely below the shovel
100. The upper front sensor 70UF is configured to detect
an object located to the leftand obliquely above the shov-
el 100. The left sensor 70L is configured to detect an
object located to the left and obliquely below the shovel
100. The upper left sensor 70UL is configured to detect
an object located to the leftand obliquely above the shov-
el 100. The right sensor 70R is configured to detect an
object located to the right and obliquely below the shovel
100. The upper right sensor 70UR is configured to detect
an object located to the right and obliquely above
[0021] The object detector 70 may be configured to
detect a predetermined object within a predetermined
region set in the vicinity of the shovel 100. For example,
the object detector 70 may be configured to distinguish
between a person and an object other than a person.
[0022] The image capturing device 80 is another ex-
ample of the surroundings monitoring device, and cap-
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tures an image of an area surrounding the shovel 100.
In the present embodiment, the image capturing device
80includes a rear camera 80B and an upper rear camera
80UB, attached to the back end of the upper surface of
the upper turning body 3, a front camera 80F and an
upper front camera 80UF, attached to the front end of
the upper surface of the cabin 10, a left camera 80L and
an upper left camera 80UL, attached to the left end of
the upper surface of the upper turning body 3, and a right
camera 80R and an upper right camera 80UR, attached
to the right end of the upper surface of the upper turning
body 3.

[0023] The rear camera 80B is configured to capture
animage of aspace behind and obliquely below the shov-
el 100. The upper rear camera 80UB is configured to
capture an image of a space behind and obliquely above
the shovel 100. The front camera 80F is configured to
capture an image of a space in front of and obliquely
below the shovel 100. The upper front camera 80UF is
configured to capture an image of a space in front of and
obliquely above the shovel 100. The left camera 80L is
configured to capture an image of a space to the left of
and obliquely below the shovel 100. The upper left cam-
era 80UL is configured to capture an image of a space
to the left of and obliquely above the shovel 100. The
right camera 80R is configured to capture an image of a
space to the right of and obliquely below the shovel 100.
The upper right camera 80UR is configured to capture
an image of a space to the right of and obliquely above
the shovel 100.

[0024] Specifically, as illustrated in FIG. 1A, the rear
camera 80B is configured such that a dashed line M1,
which is a virtual line representing the optical axis, forms
an angle (angle of depression) ¢1 with respect to a virtual
plane (in the example of FIG. 1A, a virtual horizontal
plane) that is perpendicular to a turning axis K. The upper
rear camera 80UB is configured such that a dashed line
M2, which is a virtual line representing the optical axis,
forms an angle (angle of elevation) ¢2 with respect to the
virtual plane that is perpendicular to the turning axis K.
The front camera 80F is configured such that a dashed
line M3, which is a virtual line representing the optical
axis,forms anangle (angle of depression) ¢3 with respect
to the virtual plane that is perpendicular to the turning
axis K. The upper front camera 80UF is configured such
that a dashed line M4, which is a virtual line representing
the optical axis, forms an angle (angle of elevation) ¢4
with respect to the virtual plane that is perpendicular to
the turning axis K. Although not llustrated, the left camera
80L and the right camera 80R are configured such that
the optical axis of each of the left camera 80L and the
right camera 80R forms an angle of depression with re-
spect to the virtual plane thatis perpendicular to the turn-
ing axis K, and the upper left camera 80UL and the upper
right camera 80UR are configured such that the optical
axis of each of the upper left camera 80UL and the upper
right camera 80UR forms an angle of elevation with re-
spect to the virtual plane thatis perpendicular to the turn-
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ing axis K.

[0025] In FIG. 1C, an area R1 represents a range in
which a monitoring range (imaging range) of the front
camera 80F overlaps an imaging range of the upper front
camera 80UF, and an area R2 represents a range in
which an imaging range of the rear camera 80B overlaps
an imaging range of the upper rear camera 80UB. That
is, the rear camera 80B and the upper rear camera 80UB
are arranged such that the imaging ranges of the rear
camera 80B and the upper rear camera 80UB partially
overlap in the vertical direction, and the front camera 80F
and the upper front camera 80UF are arranged such that
the imaging ranges of the front camera 80F and the upper
front camera 80UF partially overlap in the vertical direc-
tion. Further, although not illustrated, the left camera 80L
and the upper left camera 80UL are arranged such that
the imaging ranges of the left camera 80L and the upper
left camera 80UL partially overlap inthe vertical direction,
and the right camera 80R and the upper right camera
80UR are arranged such that the imaging ranges of the
right camera 80R and the upper right camera 80UR par-
tially overlap in the vertical direction.

[0026] As illustrated in FIG. 1C, the rear camera 80B
is configured such that a dashed line L1, which is a virtual
line representing the lower boundary of the imaging
range of the rear camera 80B, forms an angle (angle of
depression) 61 with respect to the virtual plane (the virtual
horizontal plane in the example of FIG. 1C) that is per-
pendicular to the turning axis K. The upper rear camera
80UB is configured such that a dashed line L2, which is
a virtual line representing the upper boundary of the im-
aging range of the upper rear camera 80UB, forms an
angle (angle of elevation) 62 with respect to the virtual
plane thatis perpendicular to the turning axis K. The front
camera 80F is configured such that a dashed line L3,
which is a virtual line representing the lower boundary of
the imaging range of the front camera 80F, forms an an-
gle (angle of depression) 63 with respect to the virtual
plane that is perpendicular to the turning axis K. The up-
per front camera 80UF is configured such that a dashed
line L4, which is a virtual line representing the upper
boundary of the imaging range of the upper front camera
80UF, forms an angle (angle of elevation) 64 with respect
to the virtual plane that is perpendicular to the turning
axis K. The angle (angle of depression) 61 and the angle
(angle of depression) 63 are preferably greater than or
equal to 55°. In FIG. 1C, the angle (angle of depression)
01 is approximately 70°, and the angle (angle of depres-
sion) 03 is approximately 65°. The angle (angle of ele-
vation) 62 and the angle (angle of elevation) 64 are pref-
erably greater than or equal to 90°, more preferably great-
er than or equal to 135°, and even more preferably great-
er than or equal to 180°. In FIG. 1C, the angle (angle of
elevation) 62 is approximately 115°, and the angle (angle
of elevation) 64 is approximately 115°. Although not il-
lustrated, the left camera 80L and the right camera 80R
are configured such that the lower boundary of the im-
aging range of each of the left camera 80L and the right
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camera 80R forms an angle of depression of 55° or more
with respect to the virtual plane that is perpendicular to
the turning axis K. Similarly, the upper left camera 80UL
and the upper right camera 80UR are configured such
that the upper boundary of the imaging range of each of
the upper left camera 80UL and the upper right camera
80UR forms an angle of elevation of 90° or more with
respect to the virtual plane that is perpendicular to the
turning axis K.

[0027] Accordingly, with the upper front camera 80UF,
the shovel 100 can detect an object present in a space
above the cabin 10. Further, with the upper rear camera
80UB, the shovel 100 can detect an object present in a
space above an engine hood. Further, with the upper left
camera 80UL or the upper right camera 80UR, the shovel
100 can detect an object present in a space above the
upper turning body 3. In this manner, with the upper rear
camera 80UB, the upper front camera 80UF, the upper
left camera 80UL, or the upper right camera 80UR, the
shovel 100 can detect an object presentin a space above
the shovel 100.

[0028] In FIG. 1D, an area R3 represents a range in
which the imaging range of the front camera 80F overlaps
the imaging range of the upper front camera 80UF. An
area R4 represents a range in which the imaging range
of the left camera 80L overlaps the imaging range of the
rear camera 80B. An area R5 represents arange in which
the imaging range of the rear camera 80B overlaps the
imaging range of the right camera 80R. An area R6 rep-
resents a range in which the imaging range of the right
camera 80R overlaps the imaging range of the front cam-
era 80F. Thatis, the front camera 80F and the left camera
80L are arranged such that the imaging ranges of the
frontcamera 80F and the leftcamera 80L partially overlap
in the horizontal direction. The left camera 80L and the
rear camera 80B are arranged such that the imaging
ranges of the left camera 80L and the rear camera 80B
partially overlap in the horizontal direction. The rear cam-
era 80B and the right camera 80R are arranged such that
the imaging ranges of the rear camera 80B and the right
camera 80R partially overlap in the horizontal direction.
The right camera 80R and the front camera 80F are ar-
ranged such that the imaging ranges of the right camera
80R and the front camera 80F partially overlap in the
horizontal direction. Further, although not illustrated, the
upper front camera 80UF and the upper leftcamera 80UL
are arranged such that the imaging ranges of the upper
front camera 80UF and the upper left camera 80UL par-
tially overlap in the horizontal direction. In addition, the
upper left camera 80UL and the upper rear camera 80UB
are arranged such that the imaging ranges of the upper
left camera 80UL and the upper rear camera 80UB par-
tially overlap in the horizontal direction. In addition, the
upper rear camera 80UB and the upper right camera
80UR are arranged such that the imaging ranges of the
upper rear camera 80UB and the upper right camera
80UR partially overlap in the horizontal direction. In ad-
dition, the upper right camera 80UR and the upper front
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camera 80UF are arranged such that the imaging ranges
of the upper right camera 80UR and the upper front cam-
era 80UF partially overlap in the horizontal direction.
[0029] With the above-described arrangements, for
example, the upper front camera 80UF can capture an
image of an object present in a space where the end of
the boom 4 is located and in the vicinity of the end of the
boom 4 when the boom 4 is raised most. Accordingly,
the controller 30 can use the image captured by the upper
front camera 80UF to prevent the end of the boom 4 from
contacting an overhead power line installed above the
shovel 100.

[0030] The upper front camera 80UF may be attached
to the cabin 10, such that the arm 5 and bucket 6 are
within the imaging range of the upper front camera 80UF
even when at least one of the arm 5 and bucket 6 is
rotated while the boom 4 is raised most. In this case,
even when at least one of the arm 5 and the bucket 6 is
opened to the maximum while the boom 4 is raised most,
the controller 30 can determine whether there is a pos-
sibility that a surrounding object may contact the exca-
vation attachment AT.

[0031] The object detector 70 may be arranged in a
similar manner to the image capturing device 80. That
is, the rear sensor 70B and the upper rear sensor 70UB
may be arranged such that monitoring ranges (detection
ranges) of the rear sensor 70B and the upper rear sensor
70UB partially overlap in the vertical direction. Further,
the front sensor 70F and the upper front sensor 70UF
may be arranged such that detection ranges of the front
sensor 70F and the upper front sensor 70UF partially
overlap in the vertical direction. Further, the left sensor
70L and the upper left sensor 70UL may be arranged
such that detection ranges of the left sensor 70L and the
upper left sensor 70UL partially overlap in the vertical
direction. Further, the right sensor 70R and the upper
right sensor 70UR may be arranged such that the right
sensor 70R and the upper right sensor 70UR partially
overlap in the vertical direction.

[0032] The front sensor 70F and the left sensor 70L
may be arranged such that the front sensor 70F and the
leftsensor 70L partially overlap in the horizontal direction.
Further, the left sensor 70L and the rear sensor 70B may
be arranged such that the left sensor 70L and the rear
sensor 70B partially overlap in the horizontal direction.
Further, the rear sensor 70B and the right sensor 70R
may be arranged such that detection ranges of the rear
sensor 70B and the right sensor 70R may partially over-
lap in the horizontal direction. Further, the right sensor
70R and the front sensor 70F may be arranged such that
the right sensor 70R and the front sensor 70F partially
overlap in the horizontal direction.

[0033] The upper front sensor 70UF and the upper left
sensor 70UL may be arranged such that the upper front
sensor 70UF and the upper left sensor 70UL partially
overlap in the horizontal direction. Further, the upper left
sensor 70UL and the upper rear sensor 70UB may be
arranged such that the upper left sensor 70UL and the
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upper rear sensor 70UB partially overlap in the horizontal
direction. Further, the upper rear sensor 70UB and the
upper right sensor 70UR may be arranged such that the
upper rear sensor 70UB and the upper right sensor 70UR
partially overlap in the horizontal direction. Further, the
upper right sensor 70UR and the upper front sensor 70UF
may be arranged such that the upper right sensor 70UR
and the upper front sensor 70UF partially overlap in the
horizontal direction.

[0034] The rear sensor 70B, the front sensor 70F, the
left sensor 70L, and the right sensor 70R may be config-
ured such that the optical axis of each of the rear sensor
70B, the front sensor 70F, the left sensor 70L, and the
right sensor 70R forms an angle of depression with re-
spect to the virtual plane thatis perpendicular to the turn-
ing axis K. The upper rear sensor 90UB, the upper front
sensor 90UF, the upper left sensor 70UL, and the upper
right sensor 70UR may be configured such that the op-
tical axis of each of the upper rear sensor 70UB, the
upper front sensor 70UF, the upperleft sensor 70UL, and
the upper right sensor 70UR forms an angle of elevation
with respect to the virtual plane that is perpendicular to
the turning axis K.

[0035] The rear sensor 70B, the front sensor 70F, the
left sensor 70L, and the right sensor 70R may be config-
ured such that the lower boundary of the detection range
of each of the rear sensor 70B, the front sensor 70F, the
left sensor 70L, and the right sensor 70R may form an
angle of depression with respect to the virtual plane that
is perpendicular to the turning axis K. The upper rear
sensor 70UB, the upper front sensor 70UF, the upper left
sensor 70UL, and the upper right sensor 70UR may be
configured such that the upper boundary of the detection
range of each of the upper rear sensor 70UB, the upper
front sensor 70UF, the upper left sensor 70UL, and the
upper right sensor 70UR forms an angle of elevation with
respect to the virtual plane that is perpendicular to the
turning axis K.

[0036] In the present embodiment, the rear camera
80B is placed next to the rear sensor 70B. The front cam-
era 80F is placed next to the front sensor 90F. The left
camera 80L is placed next to the left sensor 70L. The
right camera 80R is placed next to the right sensor 70R.
Further, the upper rear camera 80UB is placed next to
the upper rear sensor 70UB. The upper front camera
80UF is placed next to the upper front sensor 70UF. The
upper left camera 80UL is placed next to the upper left
sensor 70UL. The upper right camera 80UR is placed
next to the upper right sensor 70UR.

[0037] Inthepresentembodiment,theimage capturing
device 80 and the object detector 70 are attached to the
upper turning body 3 so as not to project outward from
the outline of the upper turning body 3 when viewed from
the top as illustrated in FIG. 1D. However, one of the
image capturing device 80 and the object detector 70
may be attached to the upper turning body 3 so as to
project outward from the outline of the upper turning body
3 when viewed from the top.
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[0038] The upper rear camera 80UB is not required to
be provided, or may be integrated with the rear camera
80B. The rear camera 80B, with which the upper rear
camera 80UB is integrated, may be configured to cover
a larger imaging range to include the imaging range of
the upper rear camera 80UB. The same applies to the
upper front camera 80UF, the upper left camera 80UL,
and the upperrightcamera 80UR. Further, the upperrear
sensor 70UB is not required to be provided, or may be
integrated with the rear sensor 70B. The same applies
to the upper front sensor 70UF, the upper left sensor
70UL, and the upper right sensor 70UR. Further, at least
two of the upper rear camera 80UB, the upper front cam-
era 80UF, the upper left camera 80UL, and the upper
right camera 80UR may be integrated into one or more
omnidirectional cameras or hemispherical cameras.
[0039] An image captured by the image capturing de-
vice 80 is displayed on the display device D1. The image
capturing device 80 may be configured to be able to dis-
play a viewpointchange image such as an overhead view
image on the display device D1. For example, an over-
head view image is generated by combining respective
output images of the rear camera 80B, the left camera
80L, and the right camera 80R.

[0040] The body tilt sensor S4 is configured to detect
the inclination of the upper turning body 3 relative to a
predetermined plane. In the present embodiment, the
body tilt sensor S4 is an acceleration sensor that detects
the tilt angle of the upper turning body 3 around its lon-
gitudinal axis and the tilt angle of the upper turning body
3 around its lateral axis relative to a horizontal plane. For
example, the longitudinal axis and the lateral axis of the
upper turning body 3 are perpendicular to each other and
pass the shovel center point that is a point on the turning
axis of the shovel PS.

[0041] The turning angular velocity sensor S5 is con-
figured to detect the turning angular velocity of the upper
turning body 3. In the present embodiment, the turning
angular velocity sensor S5 is a gyroscope. However, the
turning angular velocity sensor S5 may be a resolver, a
rotary encoder, or the like. The turning angular velocity
sensor S5 may also detect a turning speed. The turning
speed may be calculated from a turning angular velocity.
[0042] In the following, at least one of the boom angle
sensor S1, the arm angle sensor S2, the bucket angle
sensor S3, the body tilt sensor S4, and the turning angular
velocity sensor S5 may also be referred to as an orien-
tation detector.

[0043] The display device D1 is configured to display
various information. The audio output device D2 is con-
figured to output audio. The operation device 26 is a de-
vice used by the operator to operate actuators. The ac-
tuators include at least one of a hydraulic actuator and
an electric actuator.

[0044] The controller 30 is a control device for control-
ling the shovel 100. In the present embodiment, the con-
troller 30 is configured by a computer including a (central
processing unit) CPU, arandom-access memory (RAM),
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a non-volatile random-access memory (NVRAM), and a
read-only memory (ROM). The controller 30 reads pro-
grams corresponding to functions from the ROM, loads
the programs into the RAM, and causes the CPU to ex-
ecute corresponding processes. Examples of the func-
tions include a machine guidance function that provides
the operator with guidance (directions) on manually op-
erating the shovel 100 and a machine control function
that automatically assists the operator in manually oper-
ating the shovel 100.

[0045] FIG. 2is a diagram illustrating an example con-
figuration of a hydraulic system installed in the shovel
100. In FIG. 2, a mechanical power transmission system,
a hydraulic oil line, a pilot line, and an electrical control
system are indicated by a double line, a solid line, a
dashed line, and a dotted line, respectively.

[0046] The hydraulic system circulates hydraulic oil
from a main pump 14, serving as a hydraulic pump and
driven by the engine 11, to a hydraulic oil tank via a center
bypass conduit 40. The main pump 14 includes a left
main pump 14L and a right main pump 14R. The center
bypass conduit 40 includes a left center bypass conduit
40L and a right center bypass conduit 40R.

[0047] Theleftcenterbypass conduit40L is a hydraulic
oil line that passes through control valves 151, 153, 155,
and 157 placed ina control valve. The right center bypass
conduit 40R is a hydraulic oil line that passes through
the control valves 150, 152, 154, 156, and 158 placed in
the control valve.

[0048] The control valve 150 is a straight travel valve.
The control valve 151 is a spool valve that switches the
flow of hydraulic oil in order to supply hydraulic oil dis-
charged by the left main pump 14L to the left traveling
hydraulic motor 2ML, and to discharge hydraulic oil in
the left traveling hydraulic motor 2ML into the hydraulic
oil tank. The control valve 152 is a spool valve that switch-
es the flow of hydraulic oil in order to supply hydraulic oil
discharged by the right main pump 14R to the right
traveling hydraulic motor 2MR, and to discharge hydrau-
lic oil in the right traveling hydraulic motor 2MR into the
hydraulic oil tank.

[0049] The control valve 153 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the left main pump 14L to the
boom cylinder 7. The control valve 154 is a spool valve
that switches the flow of hydraulic oil in order to supply
hydraulic oil discharged by the right main pump 14R to
the boom cylinder 7, and to discharge hydraulic oil in the
boom cylinder 7 into the hydraulic oil tank.

[0050] The control valve 155 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the left main pump 14L to the
arm cylinder 8, and to discharge hydraulic oil in the arm
cylinder 8 into the hydraulic oil tank. The control valve
156 is a spool valve that switches the flow of hydraulic
oil in order to supply hydraulic oil discharged by the right
main pump 14R to the arm cylinder 8.

[0051] The control valve 157 is a spool valve that
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switches the flow of hydraulic oil such that hydraulic oil
discharged by the left main pump 14L circulates in the
hydraulic motor 2A.

[0052] The control valve 158 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the right main pump 14R to the
bucket cylinder 9, and to discharge hydraulic oil in the
bucket cylinder 9 into the hydraulic oil tank.

[0053] A regulator 13 controls the discharge quantity
of the main pump 14 by adjusting the swash plate tilt
angle of the main pump 14 in accordance with the dis-
charge pressure of the main pump 14 (for example, by
total horsepower control). In the example of FIG. 2, the
regulator 13 includes a left regulator 13L corresponding
to the left main pump 14L, and a right regulator 13R cor-
responding to the right main pump 14R.

[0054] A boom operating lever 26A is an operation de-
vice for raising or lowering the boom 4. The boom oper-
ating lever 26A uses hydraulic oil discharged by a pilot
pump 15 to cause a control pressure corresponding to
the lever operation amount to act on a left or a right pilot
port of the control valve 154. As a result, the stroke of a
spool in the control valve 154 is controlled, such that the
flow rate of hydraulic oil supplied to the boom cylinder 7
is controlled. The same applies to the control valve 153.
In FIG. 2, pilot lines that connect the boom operating
lever 26A to the left pilot port of the control valve 153,
the right pilot port of the control valve 153, and a left pilot
port of the control valve 154 are not depicted for clarifi-
cation purposes.

[0055] An operating pressure sensor 29A detects the
details of the operator’s operation of the boom operating
lever 26A in the form of pressure, and outputs the de-
tected value to the controller 30, which serves as the
control device. Examples of the details of the operator’s
operation include the lever operation direction and the
lever operation amount (the lever operation angle).
[0056] A turning operating lever 26B is an operation
device that brings the turning mechanism 2 into operation
by driving the turning hydraulic motor 2A. For example,
the turning operating lever 26B uses hydraulic oil dis-
charged by the pilot pump 15 to cause a control pressure
corresponding to the lever operation amount to act on a
left or aright pilot port of the control valve 157. As aresult,
the stroke of a spool in the control valve 157 is controlled,
such that the flow rate of hydraulic oil supplied to the
turning hydraulic motor 2A is controlled. The same ap-
plies to the control valve 153. In FIG. 2, a pilot line that
connects the turning operating lever 26B to the right pilot
portofthe controlvalve 157 is not depicted for clarification
purposes.

[0057] An operating pressure sensor 29B detects the
details of the operator’s operation of the turning operating
lever 26B in the form of pressure, and outputs the de-
tected value to the controller 30, which serves as the
control device.

[0058] The shovel 100 includes traveling levers,
traveling pedals, an arm operating lever, and a bucket
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operating lever (none of which is illustrated). The
traveling levers, the traveling pedals, the arm operating
lever, and the bucket operating lever (none of which is
illustrated) are operation devices for causing the lower
traveling body 1 to travel, opening or closing the arm 5,
and open or close the bucket 6, respectively. Similar to
the boom operating lever 26A, these operation devices
use hydraulic oil discharged by the pilot pump 15to cause
a control pressure corresponding to the lever operation
amount or the pedal operation amount to act on a left or
aright pilot port of a corresponding control valve. Further,
the details of the operator’s operation of each of the op-
eration devices is detected in the form of pressure by a
corresponding operating pressure sensor, similar to the
operating pressure sensor 29A. Each of the operating
pressure sensors outputs a detected value to the con-
troller 30.

[0059] The controller 30 receives the output of each of
the boom angle sensor S1, the arm angle sensor S2, the
bucket angle sensor S3, the operating pressure sensor
29A, the operating pressure sensor 29B, a boom cylinder
pressure sensor 7a, a discharge pressure sensor 28, and
a negative control pressure sensor (not illustrated), and
appropriately outputs a control signal to the engine 11
and the regulator 13.

[0060] The controller 30 may control the turning oper-
ation of the upper turning body 3 by outputting a control
signal to a pressure reducing valve 50L and adjusting a
control pressure acting on the control valve 157. Further,
the controller 30 may control the boom raising operation
of the boom 4 by outputting a control signal to a pressure
reducing valve 50R and adjusting a control pressure act-
ing on the control valve 154. In FIG. 2, a configuration in
which a control pressure acting on the left pilot port of
the control valve 157 is depicted, and a configuration in
which a control pressure acting on the right pilot port of
the control valve 157 is not depicted for clarification pur-
poses. In addition, in FIG. 2, a configuration in which a
control pressure acting on the right pilot port of the control
valve 154 is depicted, and a configuration in which a con-
trol pressure acting on the left pilot port of the control
valve 154 is not depicted for clarification purposes
[0061] Therefore, the controller 30 can adjust a control
pressure related to the control valve 157 through the
pressure reducing valve 50L, based on the relative po-
sitional relationship between the bucket 6 and a dump
truck. Further, the controller 30 can adjust a control pres-
sure related to the control valve 154 through the pressure
reducing valve 50R, based on the relative positional re-
lationship between the bucket 6 and the dump truck. Ac-
cordingly, a boom raising and turning operation by lever
operations can be properly assisted. The pressure re-
ducing valve 50L and the pressure reducing valve 50R
may be solenoid proportional valves.

[0062] Next, the function of identifying the orientation
of the shovel 100 by the controller 30 will be described
with reference to FIG. 3A and FIG. 3B. FIG. 3A and FIG.
3B are drawingsillustrating the positional relationship be-
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tween components constituting the shovel 100. Specifi-
cally, FIG. 3A is a right side view of the shovel 100, and
FIG. 3B is a top view of the shovel 100. FIG. 3A depicts
a simplified model of the excavation attachment AT, in
which the components of the shovel 100 other than the
excavation attachment AT are not depicted for clarifica-
tion purposes.

[0063] As illustrated in FIG. 3A, the boom 4 is config-
ured to vertically pivot about a pivot axis J, parallel to the
Y-axis, relative to the upper turning body 3. The arm 5 is
attached to the end of the boom 4. The bucket 6 is at-
tached to the end of the arm 5. The boom angle sensor
S1 is attached to a coupling portion of the upper turning
body 3 and the boom 4. The coupling portion of the upper
turning body 3 and the boom 4 is indicated by a point P1.
The arm angle sensor S2 is attached to a coupling portion
of the boom 4 and the arm 5. The coupling portion of the
boom 4 and the arm 5 is indicated by a point P2. The
bucket angle sensor S3 is attached to a coupling portion
of the arm 5 and the bucket 6. The coupling portion of
the arm 5 and the bucket 6 is indicated by a point P3. A
point P4 indicates the position of the end (tip) of the buck-
et 6. A point P5 indicates the position of the front sensor
70F. A point P6 indicates the position of a road cone RC.
[0064] The boom angle sensor S1 measures the boom
angle 31 between the longitudinal direction of the boom
4 and a reference horizontal plane. The reference hori-
zontal plane may be the ground surface contacted by the
shovel 100. The arm angle sensor S2 measures the arm
angle B2 between the longitudinal direction of the boom
4 and the longitudinal direction of the arm 5. The bucket
angle sensor S3 measures the bucket angle 3 between
the longitudinal direction of the arm 5 and the longitudinal
direction of the bucket 6. The longitudinal direction of the
boom 4 refers to a direction of a straight line passing
through the point P1 and the point P2 in a reference ver-
tical plane (XZ plane) perpendicular to the pivot axis J.
The longitudinal direction of the arm 5 refers to a direction
of a straight line passing through the point P2 and the
point P3 in the reference vertical plane. The longitudinal
direction of the bucket 6 refers to a direction of a straight
line passing through the point P3 and the point P4 in the
reference vertical plane. The pivot axis J is located at a
position away from a turning axis K (Z-axis). The pivot
axis J may be located such that the turning axis K and
the pivot axis J cross each other.

[0065] Further, asillustrated in FIG. 3B, the upper turn-
ing body 3 is configured to horizontally pivot about the
turning axis K (Z-axis) relative to the lower traveling body
1. The body tilt sensor S4 and the turning angular velocity
sensor S5 are attached to the upper turning body 3.
[0066] The body tilt sensor S4 measures an angle be-
tween the lateral axis (Y-axis) of the upper turning body
3 and the reference horizontal plane, and an angle be-
tween the longitudinal axis (X-axis) of the upper turning
body 3 and the reference horizontal plane. The turning
angular velocity sensor S5 measures an angle o between
the longitudinal axis of the lower traveling body 1 and the
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longitudinal axis (X-axis) of the upper turning body 3. The
longitudinal axis of the lower traveling body 1 means the
extension direction of the crawlers 1C.

[0067] For example, the controller 30 can determine
the relative position of the point P1 with respect to the
origin O based on the output of each of the body tilt sensor
S4 and the turning angular velocity sensor S5, because
the point P1 is located at a fixed position on the upper
turning body 3. The origin O may be the intersection of
the reference horizontal plane and the Z-axis. Further,
the controller 30 can determine the relative positions of
the point P2 to P4 with respect to the point P1 based on
the output of each of the boom angle sensor S1, the arm
angle sensor S2, and the bucket angle sensor S3. Sim-
ilarly, the controller 30 can determine the relative position
of any portion of the excavation attachment AT, such as
the edge of the back surface of the bucket 6, with respect
to the point P1.

[0068] Further, the controller 30 can determine the rel-
ative position of the point P5 with respect to the origin O
based on the relative position of the point P1 with respect
to the origin O. This is because the front sensor 70F is
fixed to the upper surface of the cabin 10. That is, the
positional relationship between the point P1 and the point
P5 does not change even when the excavation attach-
ment AT is moved or the upper turning body 3 is turned.
[0069] Further, the controller 30 can determine the rel-
ative position of the point P6 with respect to the origin O
based on the relative position of the point P5 with respect
to the origin O. This is because the front sensor 70F is
configured to derive the distance between the point P5
and each point on the road cone RC and the direction of
the road cone RC. That is, the relative position of the
point P6 with respect to the point P5 can be derived.
[0070] Accordingly, the controller 30 can derive the ori-
entation of the excavation attachment AT, the position of
the tip of the bucket 6, and the position of an object lo-
cated in the vicinity of the shovel 100, based on the output
from each of the boom angle sensor S1, the arm angle
sensor S2, the bucket angle sensor S3, the body tilt sen-
sor S4, the turning angular velocity sensor S5, and the
object detector 70.

[0071] Next, an example of the function of restricting
the movement of the shovel 100 (hereinafter referred to
as a "restriction function") by the controller 30 will be de-
scribed with reference to FIG. 4. FIG. 4 is a perspective
view of the shovel 100 located on a road DW. FIG. 4
depicts a state in which the working range of the shovel
100 is surrounded by six road cones RC and a fence FS.
The road DW and a sidewalk SW are separated by a
fence FS.

[0072] The controller 30 identifies the position of each
of the six road cones RC and the position of the fence
FS, based on the output of the LIDAR serving as the
object detector 70, which is an example of the surround-
ings monitoring device.

[0073] The position (coordinates) of the shovel 100 is
derived based on the output of a positioning device (such
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as a GNSS receiver) mounted on the upper turning body
3. The coordinates of the shovel 100 may be coordinates
in a reference coordinate system used for a construction
plan drawing such as design data. The reference coor-
dinate system may be the World Geodetic System. The
World Geodetic System is a three-dimensional orthogo-
nal XYZ coordinate system in which the origin is at the
center of gravity of the earth, the X-axis passes through
the intersection of the Greenwich meridian and the equa-
tor, the Y-axis passes through 90 degrees east longitude,
and the Z-axis passes through the north pole.

[0074] Further, the controller 30 can calculate the co-
ordinates of each object detected by the object detector
70 (e.g., each object subjected to detection by the object
detector 70) in the reference coordinate system. There-
fore, the controller 30 can understand the positional re-
lationship between the shovel 100 and each object such
as an obstacle, and can associate the position of each
of the objects with a construction plan drawing. Further,
in the construction plan drawing, the controller 30 can
input not only a target construction surface (such as the
ground surface to be excavated), but also the positional
relationship between the objects and the target construc-
tion surface. Accordingly, when displaying the construc-
tion plan drawing, the controller 30 can also display the
position of each of the objects with respect to the target
construction surface.

[0075] The controller 30 can calculate the regularity of
the arrangement of objects detected by the object detec-
tor 70. For example, the regularity may be the continuity
ofthe arrangement of objects. For example, the regularity
may be at least one of linearity, symmetry, and repeata-
bility, rather than continuity.

[0076] Specifically, the controller 30 identifies that the
six road cones RC are continuously arranged. Further,
the controller 30 identifies that a closed working space
is formed by the six road cones RC and the fence FS,
which serves as a road boundary fence. Further, the con-
troller 30 may identify that a closed working space is
formed by the six road cones RC, the fence FS, and utility
poles.

[0077] In this case, the controller 30 sets virtual walls
VW, based on the positions of the respective six road
cones RC and the position of the fence FS. The virtual
walls VW are walls that separate the working range of
the shovel 100.

[0078] The virtual walls VW may be superimposed on
an arrangement drawing or a construction plan drawing,
and displayed on the display device D1. For example,
after the operator checks images of the virtual walls VW
displayed on the display device D1 by the controller 30,
the virtual walls VW may be set by the operator pressing
a setting button. Alternatively, the virtual walls VW may
be automatically set when the controller 30 identifies the
closed working space. Further, information related to ob-
jects such as utility poles and a fence FS that can be
identified beforehand may be preliminarily set as data
related to a construction plan drawing. In this case, the
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controller 30 may preliminarily associate the position of
a target construction surface with the position of each of
the objects when the construction plan drawing is ac-
quired. At the time of construction, the controller 30 can
generate virtual walls VW based on the positional rela-
tionship between the target construction surface and
each of the objects. Further, the controller 30 may gen-
erate virtual walls VW by associating the arrangement of
road cones RC, whose positional relationship changes
depending on the construction situation, with the ar-
rangement of preliminarily set objects.

[0079] The controller 30 is configured to restrict the
movement of an actuator such that the shovel 100 does
not cross the virtual walls VW. Specifically, the controller
30 is configured to identify the surrounding environment
as if there were actual walls at positions corresponding
to the positions of the virtual walls VW, and restrict the
movement of the shovel 100 such that the shovel 100
does not contact the walls, which do not actually exist.
The virtual walls VW may function as virtual protective
walls that prevent contact between the shovel 100 and
objects located on the outside of the virtual walls VW.
[0080] Specifically, the controller 30 sets a first virtual
wall VW1 along the fence FS, such that a part of the
shovel 100, such as the crawlers 1C, the excavation at-
tachment AT, or the counterweight, does not extend over
the fence FS to the sidewalk SW. Further, the controller
30 sets a second virtual wall VW2 between the fence FS
and a first road cone RC1, sets a third virtual wall VW3
between the firstroad cone RC1 and a second road cone
RC2, sets a fourth virtual wall VW4 between the second
road cone RC2 and a third road cone RC3, sets a fifth
virtual wall VW5 between the third road cone RC3 and a
fourth road cone RC4, sets a sixth virtual wall VW6 be-
tween the fourth road cone RC4 and a fifth road cone
RC5, sets a seventh virtual wall VW7 between the fifth
road cone RC5 and a sixth road cone RC6, and sets an
eighth virtual wall VW8 between the sixth road cone RC6
and the fence FS. Accordingly, it is possible to prevent
a part of the shovel 100 from extending outward beyond
a boundary defined by the road cones RC.

[0081] Note that a cone bar may be placed between
two neighboring road cones RC. In this case, the con-
troller 30 may set a virtual wall VW along the cone bar
detected by the LIDAR.

[0082] In the present embodiment, the controller 30
sets the virtual walls VW, such that the virtual walls VW
extend vertically upward from the ground and are higher
than the highest reachable point of the excavation at-
tachment AT. However, the height of the virtual walls VW
may be lower than the highest reachable point of the
excavation attachment AT. Alternatively, the virtual walls
VW may be set to extend into the ground.

[0083] For example, if the distance between a virtual
wall VW and a part of the shovel 100 (such as the coun-
terweight) falls below a predetermined value during the
turning operation of the upper turning body 3, the con-
troller 30 may slow or stop the turning operation by out-
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putting a control signal to the pressure reducing valve
50L and adjusting a control pressure acting on the control
valve 157. Alternatively, for example, if the distance be-
tween a virtual wall VW and a part of the shovel 100 (such
as the end of the boom 4) falls below the predetermined
value during a boom lowering operation, the controller
30 may slow or stop the boom lowering operation by out-
putting a control signal to the pressure reducing valve
50R and adjusting a control pressure acting on the control
valve 154. Further, if the distance between a virtual wall
VW and a part of the shovel 100 falls below the prede-
termined value, the controller 30 may output an alarm.
The alarm may be a visual alarm or an aural alarm.
[0084] With the above-described configuration, the
controller 30 can prevent the entry of a part of the shovel
100 into a prohibited space during the operation of the
shovel 100. The prohibited space is a space where the
entry of the shovel 100is prohibited. The prohibited space
includes at least one of a space on the sidewalk SW side
and a space on the outside of a boundary defined by a
plurality of road cones RC (on the side opposite to the
shovel 100) .

[0085] Next, another example configuration of a hy-
draulic system installed in the shovel 100 will be de-
scribed with reference to FIG. 5. FIG. 5 is a diagram il-
lustrating another example configuration of a hydraulic
system installed in the shovel 100. Similar to FIG. 2, in
FIG. 5, a mechanical power transmission system, a hy-
draulicoilline, a pilotline, and an electrical control system
are indicated by a double line, a solid line, a dashed line,
and a dotted line, respectively.

[0086] Similar to the hydraulic system of FIG. 2, the
hydraulic system of FIG. 5 mainly includes an engine 11,
aregulator 13, amain pump 14, a pilot pump 15, a control
valve 17, an operation device 26, a discharge pressure
sensor 28, an operating pressure sensor 29, and a con-
troller 30.

[0087] In FIG. 5, the hydraulic system circulates hy-
draulic oil from the main pump 14 driven by the engine
11 to a hydraulic oil tank via a center bypass conduit 40
or a parallel conduit 42

[0088] The engine 11 is a drive source of the shovel
100. In the present embodiment, the engine 11 is, for
example, a diesel engine that operates so as to maintain
apredetermined rotational speed. The output shaft of the
engine 11 is coupled to the input shafts of the main pump
14 and the pilot pump 15.

[0089] The main pump 14 supplies hydraulic oil to the
control valve 17 via a hydraulic oil line. In the present
embodiment, the main pump 14 is a swash plate variable
displacement hydraulic pump.

[0090] The regulator 13 controls the discharge quantity
of the main pump 14. In the present embodiment, the
regulator 13 controls the discharge quantity of the main
pump 14 by adjusting the swash plate tilt angle of the
main pump 14 in response to a control command from
the controller 30.

[0091] The pilot pump 15 is configured so as to supply
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hydraulic oil to hydraulic control devices including the
operation device 26 via a pilot line. In the present em-
bodiment, the pilot pump 15 is a fixed displacement hy-
draulic pump. However, the pilot pump 15 may be omit-
ted. In this case, the function carried by the pilot pump
15 may be implemented by the main pump 14. That is,
the main pump 14 may have a function of supplying hy-
draulic oil to the operation device 26 after reducing the
pressure of the hydraulic oil with a throttle or the like, in
addition to a function of supplying hydraulic oil to the con-
trol valve 17.

[0092] The control valve 17 is a hydraulic control unit
that controls the hydraulic system installed in the shovel
100. In the present embodiment, the control valve 17
includes control valves 171 through 176. The control
valve 175 includes a control valve 175L and a control
valve 175R, and the control valve 176 includes a control
valve 176L and a control valve 176R. The control valve
17 can selectively supply hydraulic oil discharged by the
main pump 14 to one or more hydraulic actuators through
the control valves 171 through 176. The control valves
171 through 176 control the flow rate of hydraulic oil flow-
ing from the main pump 14 to the hydraulic actuators and
the flow rate of hydraulic oil flowing from the hydraulic
actuators to the hydraulic oil tank. The hydraulic actua-
tors include the boom cylinder 7, the arm cylinder 8, the
bucket cylinder 9, the left traveling hydraulic motor 2ML,
the right traveling hydraulic motor 2MR, and the turning
hydraulic motor 2A.

[0093] The operation device 26 is a device used by the
operator to operate actuators. The actuators include at
least one of a hydraulic actuator and an electric actuator.
In the present embodiment, the operation device 26 sup-
plies hydraulic oil discharged by the pilot pump 15 to a
pilot port of a corresponding control valve in the control
valve 17 through a pilot line. The pressure of hydraulic
oil supplied to each pilot port (pilot pressure) is a pressure
corresponding to the direction of operation and the
amount of operation of the operation device 26 for a cor-
responding hydraulic actuator. However, the operation
device 26 may be of an electrical control type, instead of
the above-described pilot pressure type. In this case, the
control valves in the control valve 17 may be electromag-
netic solenoid spool valves.

[0094] The discharge pressure sensor 28 detects the
discharge pressure of the main pump 14. In the present
embodiment, the discharge pressure sensor 28 outputs
the detected value to the controller 30.

[0095] The operating pressure sensor 29 detects the
details of the operator’s operation of the operation device
26. In the present embodiment, the operating pressure
sensor 29 detects the direction of operation and the
amount of operation of the operation device 26 corre-
sponding to each actuator in the form of pressure (oper-
ating pressure), and outputs the detected value to the
controller 30. The details of the operation of the operation
device 26 may be detected using a sensor other than the
operating pressure sensor.
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[0096] The main pump 14 includes a left main pump
14L and a right main pump 14R. The left main pump 14L
circulates hydraulic oil to the hydraulic oil tank through a
left center bypass conduit 40L or a left parallel conduit
42L. The right main pump 14R circulates hydraulic oil to
the hydraulic oil tank through a right center bypass con-
duit 40R or a right parallel conduit 42R.

[0097] The leftcenter bypass conduit40L is a hydraulic
oil line that passes through the control valves 171, 173,
175L and 176L placed in the control valve 17. The right
center bypass conduit40R is a hydraulic oil line that pass-
es through the control valves 172, 174, 175R and 176R
placed in the control valve 17.

[0098] The control valve 171 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the left main pump 14L to the
left traveling hydraulic motor 2ML and to discharge hy-
draulic oil discharged by the left traveling hydraulic motor
2ML into the hydraulic oil tank.

[0099] The control valve 172 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the right main pump 14R to the
right traveling hydraulic motor 2MR and to discharge hy-
draulic oil discharged by the right traveling hydraulic mo-
tor 2MR into the hydraulic oil tank.

[0100] The control valve 173 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the left main pump 14L to the
turning hydraulic motor 2A and to discharge hydraulic oil
discharged by the turning hydraulic motor 2A into the
hydraulic oil tank.

[0101] The control valve 174 is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the right main pump 14R to the
bucket cylinder 9 and to discharge hydraulic oil in the
bucket cylinder 9 into the hydraulic oil tank.

[0102] The control valve 175L is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the left main pump 14L to the
boom cylinder 7. The control valve 175R is a spool valve
that switches the flow of hydraulic oil in order to supply
hydraulic oil discharged by the right main pump 14R to
the boom cylinder 7 and to discharge hydraulic oil in the
boom cylinder 7 into the hydraulic oil tank.

[0103] The control valve 176L is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the left main pump 14L to the
arm cylinder 8 and to discharge hydraulic oil in the arm
cylinder 8 into the hydraulic oil tank.

[0104] The control valve 176R is a spool valve that
switches the flow of hydraulic oil in order to supply hy-
draulic oil discharged by the right main pump 14R to the
arm cylinder 8 and to discharge hydraulic oil in the arm
cylinder 8 into the hydraulic oil tank.

[0105] The left parallel conduit 42L is a hydraulic oil
line parallel to the left center bypass conduit 40L. When
the flow of hydraulic oil through the left center bypass
conduit 40L is restricted or blocked by any of the control
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valves 171, 173 and 175L, the left parallel conduit 42L
can supply hydraulic oil to a control valve further down-
stream. The right parallel conduit 42R is a hydraulic olil
line parallel to the right center bypass conduit 40R. When
the flow of hydraulic oil through the right center bypass
conduit 40R is restricted or blocked by any of the control
valves 172, 174 and 175R, the right parallel conduit 42R
can supply hydraulic oil to a control valve further down-
stream.

[0106] The regulator 13 includes a left regulator 13L
and a right regulator 13R. The left regulator 13L controls
the discharge quantity of the left main pump 14L by ad-
justing the swash plate tilt angle of the left main pump
14L in accordance with the discharge pressure of the left
main pump 14L. Specifically, the left regulator 13L re-
duces the discharge quantity of the left main pump 14L
by adjusting the swash plate tilt angle of the left main
pump 14L in accordance with an increase in the dis-
charge pressure of the left main pump 14L. The same
applies to the right regulator 13R. With this configuration,
it is possible to prevent the absorbed power of the main
pump 14 expressed by the product of the discharge pres-
sure and the discharge quantity from exceeding the out-
put power of the engine 11.

[0107] The operation device 26 includes a left operat-
ing lever 26L, a right operating lever 26R, and a traveling
lever 26D. Thetraveling lever 26D includes a left traveling
lever 26DL and a right traveling lever 26DR.

[0108] The left operating lever 26L is used for a turning
operation and to operate the arm 5. When operated for-
ward or backward, the left operating lever 26L causes a
control pressure corresponding to the lever operation
amount to act on a pilot port of the control valve 176,
using hydraulic oil discharged by the pilot pump 15. When
operated rightward or leftward, the left operating lever
26L causes a control pressure corresponding to the lever
operation amount to act on a pilot port of the control valve
173, using hydraulic oil discharged by the pilot pump 15.
[0109] Specifically, when operated in an arm closing
direction, the left operating lever 26L causes hydraulic
oil to act on the right pilot port of the control valve 176L,
and causes hydraulic oil to act on the left pilot port of the
control valve 176R. Further, when operated in an arm
opening direction, the left operating lever 26L causes hy-
draulic oil to act on the left pilot port of the control valve
176L, and causes hydraulic oil to act on the right pilot
port of the control valve 176R. Further, when operated
in aleftturning direction, the left operating lever 26L caus-
es hydraulic oil to act on the left pilot port of the control
valve 173. When operated in a right turning direction, the
left operating lever 26L causes hydraulic oil to act on the
right pilot port of the control valve 173.

[0110] Therightoperatinglever 26R is used to operate
the boom 4 and operate the bucket 6. When operated
forward or backward, the right operating lever 26R caus-
es a control pressure corresponding to the lever opera-
tion amount to act on a pilot port of the control valve 175,
using hydraulic oil discharged by the pilot pump 15. When
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operated rightward or leftward, the right operating lever
26R causes a control pressure corresponding to the lever
operation amount to act on a pilot port of the control valve
174, using hydraulic oil discharged by the pilot pump 15.
[0111] Specifically, when operated in a boom lowering
direction, the right operating lever 26R causes hydraulic
oil to act on the left pilot port of the control valve 175R.
Further, when operated in a boom raising direction, the
right operating lever 26R causes hydraulic oil to act on
the right pilot port of the control valve 175L, and causes
hydraulic oil to act on the left pilot port of the control valve
175R. Further, when operated in a bucket closing direc-
tion, the right operating lever 26R causes hydraulic oil to
act on the right pilot port of the control valve 174. When
operated in a bucket opening direction, the right operat-
ing lever 26R causes hydraulic oil to act on the left pilot
port of the control valve 174.

[0112] The traveling lever 26D is used to operate the
crawlers 1C. Specifically, the left traveling lever 26DL is
used to operate the left crawler 1CL. The left traveling
lever 26DL may be configured to operate together with
a left traveling pedal. When operated forward or back-
ward, the left traveling lever 26DL causes a control pres-
sure corresponding to the lever operation amount to act
on a pilot port of the control valve 171, using hydraulic
oil discharged by the pilot pump 15. The right traveling
lever 26DR is used to operate the right crawler 1CR. The
right traveling lever 26DR may be configured to operate
together with a right traveling pedal. When operated for-
ward or backward, the right traveling lever 26DR causes
a control pressure corresponding to the lever operation
amount to act on a pilot port of the control valve 172,
using hydraulic oil discharged by the pilot pump 15.
[0113] The discharge pressure sensor 28 includes a
discharge pressure sensor 28L and a discharge pressure
sensor 28R. The discharge pressure sensor 28L detects
the discharge pressure of the left main pump 14L, and
outputs the detected value to the controller 30. The same
applies to the discharge pressure sensor 28R.

[0114] The operating pressure sensor 29 includes op-
erating pressure sensors 29LA, 29LB, 29RA, 29RB,
29DL, and 29DR. The operating pressure sensor 29LA
detects the details of the operator’s forward or backward
operation of the left operating lever 26L in the form of
pressure, and outputs the detected value to the controller
30. Examples of the details of the operator’'s operation
include the lever operation direction and the lever oper-
ation amount (the lever operation angle).

[0115] Likewise, the operating pressure sensor 29LB
detects the details of the operator’s rightward or leftward
operation of the left operating lever 26L in the form of
pressure, and outputs the detected value to the controller
30. The operating pressure sensor 29RA detects the de-
tails of the operator’s forward or backward operation of
the right operating lever 26R in the form of pressure, and
outputs the detected value to the controller 30. The op-
erating pressure sensor 29RB detects the details of the
operator’s rightward or leftward operation of the right op-
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erating lever 26R in the form of pressure, and outputs
the detected value to the controller 30. The operating
pressure sensor 29DL detects the details of the opera-
tor’s forward or backward operation of the left traveling
lever 26DL in the form of pressure, and outputs the de-
tected value to the controller 30. The operating pressure
sensor 29DR detects the details of the operator’s forward
or backward operation of the right traveling lever 26DR
in the form of pressure, and outputs the detected value
to the controller 30.

[0116] The controller 30 receives the output of the op-
erating pressure sensor 29, and outputs a control com-
mand to the regulator 13 to change the discharge quantity
ofthe main pump 14 as necessary. Furthermore, the con-
troller 30 receives the output of a control pressure sensor
19 provided upstream of a throttle 18, and outputs a con-
trol command to the regulator 13 to change the discharge
quantity of the main pump 14 as necessary. The throttle
18 includes a left throttle 18L and a right throttle 18R.
The control pressure sensor 19 includes a left control
pressure sensor 19L and a right control pressure sensor
19R.

[0117] In the left center bypass conduit 40L, the left
throttle 18L is placed between the most downstream con-
trol valve 176L and the hydraulic oil tank. Therefore, the
flow of hydraulic oil discharged by the left main pump 14L
is restricted by the left throttle 18L. The left throttle 18L
generates a control pressure for controlling the left reg-
ulator 13L. The left control pressure sensor 19L is a sen-
sor that detects this control pressure and outputs the de-
tected value to the controller 30. The controller 30 con-
trols the discharge quantity of the left main pump 14L by
adjusting the swash plate tilt angle of the left main pump
14L in accordance with the control pressure. The con-
troller 30 decreases the discharge quantity of the leftmain
pump 14L as the control pressure increases, andincreas-
es the discharge quantity of the left main pump 14L as
the control pressure decreases. The discharge quantity
of the right main pump 14R is controlled in the same
manner.

[0118] Specifically, asillustrated in FIG. 5, in the stand-
by state where none of the hydraulic actuators in the
shovel 100 is in operation, hydraulic oil discharged by
the left main pump 14L passes through the left center
bypass conduit 40L and reaches the left throttle 18L. The
flow of hydraulic oil discharged by the left main pump 14L
increases the control pressure generated upstream of
the left throttle 18L. As a result, the controller 30 decreas-
es the discharge quantity of the left main pump 14L to a
minimum allowable discharge quantity to control pres-
sure loss (pumping loss) during passage of the dis-
charged hydraulic oil through the left center bypass con-
duit40L. When a hydraulic actuatoris operated, hydraulic
oil discharged by the left main pump 14L flows into the
operated hydraulic actuator through a control valve cor-
responding to the operated hydraulic actuator. The flow
of hydraulic oil discharged by the left main pump 14L that
reaches the left throttle 18L is reduced in amount or lost,
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so that the control pressure generated upstream of the
left throttle 18L is reduced. As a result, the controller 30
increases the discharge quantity of the left main pump
14L to circulate sufficient hydraulic oil to the operated
hydraulic actuator, thereby ensuring the driving of the
operated hydraulic actuator. The controller 30 controls
the discharge quantity of the right main pump 14R in the
same manner.

[0119] With the configuration as described above, the
hydraulic system of FIG. 5 can reduce unnecessary en-
ergy consumption in the main pump 14L in the standby
state. The unnecessary energy consumption includes
pumping loss that is caused in the center bypass conduit
40 by hydraulic oil discharged by the main pump 14. Fur-
thermore, in the case of actuating a hydraulic actuator,
the hydraulic system of FIG. 5 can ensure that necessary
and sufficient hydraulic oil is supplied from the main pump
14 to the hydraulic actuator to be actuated.

[0120] Next, a configuration in which the controller 30
uses the machine control function to automatically oper-
ate an actuator will be described with reference to FIG.
6A through FIG. 6D. FIG. 6A through FIG. 6D are dia-
grams illustrating parts of the hydraulic system. Specifi-
cally, FIG. 6A is a diagram illustrating a part of the hy-
draulic system related to the operation of the arm cylinder
8. FIG. 6B is a diagram illustrating a part of the hydraulic
system related to the operation of the turning hydraulic
motor 2A. FIG. 6C is a diagram illustrating a part of the
hydraulic system related to the operation of the boom
cylinder 7. FIG. 6D is a diagram illustrating a part of the
hydraulic system related to the operation of the bucket
cylinder 9.

[0121] As illustrated in FIG. 6A through FIG. 6D, the
hydraulic system includes a proportional valve 31 and a
shuttle valve 32. The proportional valve 31 includes pro-
portional valves 31AL through 31DL and 31AR through
31DR. The shuttle valve 32 includes shuttle valves 32AL
through 32DL and 32AR through 32DR.

[0122] The proportional valve 31 operates as a control
valve for machine control. The proportional valve 31 is
placed in a conduit connecting the pilot pump 15 and the
shuttle valve 32, and is configured to be able to change
the flow area of the conduit. In the present embodiment,
the proportional valve 31 operates in response to a con-
trol command output from the controller 30. Therefore,
the controller 30 can supply hydraulic oil discharged by
the pilot pump 15 to a pilot port of a corresponding control
valve in the control valve 17 through the proportional
valve 31 and the shuttle valve 32, independent of the
operator’s operation of the operation device 26.

[0123] The shuttle valve 32includes two inlet ports and
one outlet port. One of the two inlet ports is connected
to the operation device 26, and the other is connected to
the proportional valve 31. The outlet portis connected to
a pilot port of a corresponding control valve in the control
valve 17. Therefore, the shuttle valve 32 can cause the
higher one of a pilot pressure generated by the operation
device 26 and a pilot pressure generated by the propor-
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tional valve 31 to act on a pilot port of a corresponding
control valve.

[0124] With the above-described configuration, the
controller 30 can operate a hydraulic actuator corre-
sponding to a specific operation device 26 even when no
operation is performed on the specific operation device
26.

[0125] For example, as illustrated in FIG. 6A, the left
operating lever 26L is used to operate the arm 5. Spe-
cifically, the left operating lever 26L causes a pilot pres-
sure corresponding to a forward or backward operation
to act on a pilot port of the control valve 176, using hy-
draulic oil discharged by the pilot pump 15. More specif-
ically, when operated in the arm closing direction (back-
ward), the left operating lever 26L causes a pilot pressure
corresponding to the amount of operation to act on the
right pilot port of the control valve 176L and the left pilot
port of the control valve 176R. Further, when operated
in the arm opening direction (forward), the left operating
lever 26L causes a pilot pressure corresponding to the
amount of operation to act on the left pilot port of the
control valve 176L and the right pilot port of the control
valve 176R.

[0126] The left operating lever 26L is provided with a
switch NS. In the present embodiment, the switch NS is
a push button switch. The operator can operate the left
operating lever 26L while pressing the switch NS. The
switch NS may be provided on the right operating lever
26R or at a different position in the cabin 10.

[0127] The operating pressure sensor 29LA detects
the details of the operator’s forward or backward opera-
tion of the left operating lever 26L in the form of pressure,
and outputs the detected value to the controller 30.
[0128] The proportional valve 31AL operates in re-
sponse to a current command output from the controller
30. The proportional valve 31AL controls a pilot pressure
generated by hydraulic oil introduced to the right pilot
port of the control valve 176L and the left pilot port of the
control valve 176R from the pilot pump 15 through the
proportional valve 31AL and the shuttle valve 32AL. The
proportional valve 31AR operates in response to a cur-
rent command output from the controller 30. The propor-
tional valve 31AR controls a pilot pressure generated by
hydraulic oil introduced to the left pilot port of the control
valve 176L and the right pilot port of the control valve
176R from the pilot pump 15 through the proportional
valve 31AR and the shuttle valve 32AR. The proportional
valves 31AL and 31AR can control the pilot pressure such
that the control valves 176L and 176R can stop at a de-
sired valve position.

[0129] With the above-described configuration, the
controller 30 can supply hydraulic oil, discharged by the
pilot pump 15, to the right pilot port of the control valve
176L and the left pilot port of the control valve 176R
through the proportional valve 31AL and the shuttle valve
32AL, independent of the operator’s arm closing opera-
tion. That is, the arm 5 can be automatically closed. Fur-
ther, the controller 30 can supply hydraulic oil, discharged
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by the pilot pump 15, to the left pilot port of the control
valve 176L and the right pilot port of the control valve
176R through the proportional valve 31AR and the shuttle
valve 32AR, independent of the operator's arm opening
operation. That is, the arm 5 can be automatically
opened.

[0130] Further, as illustrated in FIG. 6B, the left oper-
ating lever 26L is also used to operate the turning mech-
anism 2. Specifically, the left operating lever 26L causes
a pilot pressure corresponding to a rightward or leftward
operation to act on a pilot port of the control valve 173,
using hydraulic oil discharged by the pilot pump 15. More
specifically, when operated in the left turning direction
(leftward), the left operating lever 26L causes a pilot pres-
sure corresponding to the amount of operation to act on
the left pilot port of the control valve 173. Furthermore,
when operated in the right turning direction (rightward),
the left operating lever 26L causes a pilot pressure cor-
responding to the amount of operation to act on the right
pilot port of the control valve 173.

[0131] The operating pressure sensor 29LB detects
the details of the operator’s rightward or leftward opera-
tion of the left operating lever 26L in the form of pressure,
and outputs the detected value to the controller 30.
[0132] The proportional valve 31BL operates in re-
sponse to a current command output from the controller
30. The proportional valve 31BL controls a pilot pressure
generated by hydraulic oil introduced to the left pilot port
of the control valve 173 from the pilot pump 15 through
the proportional valve 31BL and the shuttle valve 32BL.
The proportional valve 31BR operates in response to a
current command output from the controller 30. The pro-
portional valve 31BR controls a pilot pressure generated
by hydraulic oil introduced to the right pilot port of the
control valve 173 from the pilot pump 15 through the pro-
portional valve 31BR and the shuttle valve 32BR. The
proportional valves 31BL and 31BR can control the pilot
pressure such that the control valve 173 can stop at a
desired valve position.

[0133] With the above-described configuration, the
controller 30 can supply hydraulic oil, discharged by the
pilot pump 15, to the left pilot port of the control valve 173
through the proportional valve 31BL and the shuttle valve
32BL, independent of the operator’ s left turning opera-
tion. That is, the turning mechanism 2 can be automati-
cally turned counterclockwise. Furthermore, the control-
ler 30 can supply hydraulic oil, discharged by the pilot
pump 15, to the right pilot port of the control valve 173
through the proportional valve 31BR and the shuttle valve
32BR, independent of the operator’s right turning oper-
ation. That is, the turning mechanism 2 can be automat-
ically turned clockwise.

[0134] Asillustrated in FIG. 6C, the right operating le-
ver 26R is used to operate the boom 4. Specifically, the
right operating lever 26R causes a pilot pressure corre-
sponding to a forward or backward operation to act on a
pilot port of the control valve 175, using hydraulic oil dis-
charged by the pilot pump 15. More specifically, when
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operated in the boom raising direction (backward), the
right operating lever 26R causes a pilot pressure corre-
sponding to the amount of operation to act on the right
pilot port of the control valve 175L and the left pilot port
of the control valve 175R. Furthermore, when operated
in the boom lowering direction (forward), the right oper-
ating lever 26R causes a pilot pressure corresponding
to the amount of operation to act on the right pilot port of
the control valve 175R.

[0135] The operating pressure sensor 29RA detects
the details of the operator’s forward or backward opera-
tion of the right operating lever 26R in the form of pres-
sure, and outputs the detected value to the controller 30.
[0136] The proportional valve 31CL operates in re-
sponse to a current command output from the controller
30. The proportional valve 31CL controls a pilot pressure
generated by hydraulic oil introduced to the right pilot
port of the control valve 175L and the left pilot port of the
control valve 175R from the pilot pump 15 through the
proportional valve 31CL and the shuttle valve 32CL. The
proportional valve 31CR operates in response to a cur-
rent command output from the controller 30. The propor-
tional valve 31CR controls a pilot pressure generated by
hydraulic oil introduced to the left pilot port of the control
valve 175L and the right pilot port of the control valve
175R from the pilot pump 15 through the proportional
valve 31CR and the shuttle valve 32CR. The proportional
valves 31CL and 31CR can control the pilot pressure
such that the control valves 175L and 175R can stop at
a desired valve position.

[0137] With the above-described configuration, the
controller 30 can supply hydraulic oil, discharged by the
pilot pump 15, to the right pilot port of the control valve
175L and the left pilot port of the control valve 175R
through the proportional valve 31CL and the shuttle valve
32CL, independent of the operator’s boom raising oper-
ation. That is, the boom 4 can be automatically raised.
Furthermore, the controller 30 can supply hydraulic oil,
discharged by the pilot pump 15, to the right pilot port of
the control valve 175R through the proportional valve
31CR and the shuttle valve 32CR, independent of the
operator's boom lowering operation. That is, the boom 4
can be automatically lowered.

[0138] As illustrated in FIG. 6D, the right operating le-
ver 26R is also used to operate the bucket 6. Specifically,
the right operating lever 26R causes a pilot pressure cor-
responding to a rightward or leftward operation to act on
a pilot port of the control valve 174, using hydraulic oil
discharged by the pilot pump 15. More specifically, when
operated in the bucket closing direction (leftward), the
right operating lever 26R causes a pilot pressure corre-
sponding to the amount of operation to act on the left port
of the control valve 174. Furthermore, when operated in
the bucket opening direction (rightward), the right oper-
ating lever 26R causes a pilot pressure corresponding
to the amount of operation to act on the right pilot port of
the control valve 174.

[0139] The operating pressure sensor 29RB detects
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the details of the operator’s rightward or leftward opera-
tion of the right operating lever 26R in the form of pres-
sure, and outputs the detected value to the controller 30.
[0140] The proportional valve 31DL operates in re-
sponse to a current command output from the controller
30. The proportional valve 31DL controls a pilot pressure
generated by hydraulic oil introduced to the left pilot port
of the control valve 174 from the pilot pump 15 through
the proportional valve 31DL and the shuttle valve 32DL.
The proportional valve 31DR operates in response to a
current command output from the controller 30. The pro-
portional valve 31DR controls a pilot pressure generated
by hydraulic oil introduced to the right pilot port of the
control valve 174 from the pilot pump 15 through the pro-
portional valve 31DR and the shuttle valve 32DR. The
proportional valves 31DL and 31DR can control the pilot
pressure such that the control valve 174 can stop at a
desired valve position.

[0141] With the above-described configuration, the
controller 30 can supply hydraulic oil, discharged by the
pilot pump 15, to the left pilot port of the control valve 174
through the proportional valve 31DL and the shuttle valve
32DL, independent of the operator’ s bucket closing op-
eration. Thatis, the bucket 6 can be automatically closed.
Furthermore, the controller 30 can supply hydraulic oil,
discharged by the pilot pump 15, to the right pilot port of
the control valve 174 through the proportional valve
31DR and the shuttle valve 32DR, independent of the
operator’s bucket opening operation. That is, the bucket
6 can be automatically opened.

[0142] The shovel 100 may include a configuration in
which the lower traveling body 1 automatically travels
forward and backward. In this case, a part of the hydraulic
system related to the operation of the left travel hydraulic
motor 2ML and a part of the hydraulic system related to
the operation of the right traveling hydraulic motor 2MR
may be configured in the same manner as the part of the
hydraulic system related to the operation of the boom
cylinder 7.

[0143] InFIG.2, FIG.5, and FIG. 6A through FIG. 6D,
a hydraulic operating lever including a hydraulic pilot cir-
cuithas been described. However, an electrical operating
lever including an electrical pilot circuit may be employed
instead of the hydraulic operating lever. In this case, the
lever operation amount of the electrical operating lever
is input to the controller 30 as an electrical signal. Further,
asolenoid valve is placed between the pilot pump 15 and
a pilot port of each control valve. The solenoid valve is
configured to operate in response to an electrical signal
from the controller 30. With this configuration, when a
manual operation using the electrical operating lever is
performed, the controller 30 can move each control valve
by controlling the solenoid valve using an electrical signal
corresponding to the lever operation amount so as to
increase or decrease a pilot pressure. Note that each of
the control valves may be constituted of a solenoid spool
valve. In this case, the solenoid spool valve operates in
response to an electrical signal from the controller 30
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corresponding to the lever operation amount of the elec-
trical operating lever.

[0144] Next, functions of the controller 30 will be de-
scribed with reference to FIG. 7. FIG. 7 is a diagram il-
lustrating an example configuration of the controller 30.
In the example of FIG. 7, the controller 30 is configured
to receive signals output from the orientation detector,
the operation device 26, the object detector 70, the image
capturing device 80, the switch NS, and the like, execute
various computations, and output control signals to the
proportional valve 31, the display device D1, the audio
output device D2, and the like. The orientation detector
includes at least one of the boom angle sensor S1, the
arm angle sensor S2, the bucket angle sensor S3, the
body tilt sensor S4, and the turning angular velocity sen-
sor S5. The controller 30 includes a virtual wall setting
part 30A, a trajectory calculating part 30B, and an auton-
omous control part 30C, and an information communi-
cating part 30D as functional elements. The functional
elements may be constituted of hardware, or may con-
stituted of software.

[0145] The virtual wall setting part 30A is configured
to set a virtual wall VW based on the output of the sur-
roundings monitoring device. The virtual wall VW sepa-
rates a working range of the shovel 100. In the present
embodiment, the virtual wall setting part 30A sets a virtual
wall VW based on the output of the LIDAR serving as
object detector 70, which is an example of the surround-
ings monitoring device. For example, the virtual wall set-
ting part 30A estimates that the shape of an unexcavated
portion of an excavation object such as the ground after
being excavated, based on the shape of a portion already
excavated (hereinafter referred to as an "already exca-
vated portion"). Then, the virtual wall setting part 30A
sets a virtual wall VW based on the estimated shape of
the unexcavated portion. In this case, the virtual wall set-
ting part 30A estimates the shape of the unexcavated
portion after being excavated, based on the assumption
that the unexcavated portion is formed in the same shape
as that of the already excavated portion. The virtual wall
VW is set such that the shape of the unexcavated portion
does not deviate from the estimated shape during a sub-
sequent excavation operation. With this configuration,
the controller 30 can prevent the movement of the tip of
the bucket 6 beyond the virtual wall VW during a subse-
quent excavation operation.

[0146] For example, the virtual wall setting part 30A
uses the output of the LIDAR to acquire information on
the excavated surface of an already excavated portion
of the ground where a retaining wall is to be constructed,
based on the shape of the excavated surface of the al-
ready excavated portion. The information on the exca-
vated surface includes at least one of the height of the
excavated surface, the inclination of the reference hori-
zontal plane, and the inclination of the reference vertical
plane. The virtual wall setting part 30A estimates the
shape of the surface (hereinafter referred to as an "esti-
mated surface") of an unexcavated portion, based on the
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assumption that the surface of the unexcavated portion
is formed in the same shape as that of the already exca-
vated portion. In this case, the excavated surface of the
already excavated portion and the estimated surface of
the unexcavated portion are in the same plane. The vir-
tual wall setting part 30A sets a plane extending along
the estimated surface as a virtual wall VW.

[0147] The trajectory calculating part 30B is configured
to calculate a target trajectory that is a trajectory followed
by a predetermined part ofthe attachmentwhen the shov-
el 100 is autonomously operated. For example, the pre-
determined part may be the tip of the bucket 6. In the
present embodiment, the trajectory calculating part 30B
calculates a target trajectory to be used by the autono-
mous control part 30C when causing the shovel 100 to
autonomously operate. For example, the trajectory cal-
culating part 30B calculates a target trajectory such that
the tip of the bucket 6 does not cross the virtual wall VW.
Specifically, the trajectory calculating part 30B calculates
a target trajectory for moving the tip of the bucket 6 along
the virtual wall VW, such that the tip of the bucket 6 does
not move beyond the virtual wall VW.

[0148] The autonomous control part 30C is configured
to cause the shovel 100 to autonomously operate. In the
present embodiment, the autonomous control part 30C
is configured to move a predetermined part of the shovel
100 along a target trajectory calculated by the trajectory
calculating part 30B in a case where a predetermined
start condition is satisfied. The case where "a predeter-
mined start condition is satisfied" may include at least
one of a case where "the distance between a virtual wall
VW set by the virtual wall setting part 30A and the tip of
the bucket 6 falls below a predetermined value" and a
case where "the operation device 26 is operated with the
switch NS being pressed". For example, when the left
operating lever 26L is operated in the right turning direc-
tion and the right operating lever 26R is operated in the
boom raising direction with the switch NS being pressed,
the autonomous control part 30C may cause the shovel
100 to autonomously operate such that the tip of the buck-
et 6 moves along a target trajectory. For example, each
of the left operating lever 26L and the right operating
lever 26R may be operated with any lever operation
amount. In this case, the operator can move the tip of
the bucket 6 along the target trajectory at a predeter-
mined movement speed, without paying attention to the
lever operation amount. Alternatively, the movement
speed of the bucket 6 may be changed in accordance
with the lever operation amount of the left operating lever
26L or the right operating lever 26R.

[0149] The autonomous control part 30C may be con-
figured to control at least one of the hydraulic actuators,
such that the tip of the bucket 6 moves along the target
trajectory. Forexample, the autonomous control part 30C
may semi-automatically control the turning speed of the
upper turning body 3 in accordance with the speed at
which theboom 4 israised. Forexample, the autonomous
control part 30C may increase the turning speed of the
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upper turning body 3 as the speed at which the boom 4
is raised increases. In this case, while the boom 4 is
raised at a speed corresponding to the lever operation
amount of the right operating lever 26R in the boom rais-
ing direction, the upper turningbody 3 may turn ata speed
different from a speed corresponding to the lever oper-
ation amount of the left operating lever 26L in the right
turning direction.

[0150] Alternatively, the autonomous control part 30C
may semi-automatically control the speed at which the
boom 4 is raised in accordance with the turning speed
of the upper turning body 3. For example, the autono-
mous control part 30C may increase the speed at which
the boom 4 is raised as the turning speed of the upper
turning body 3 increases. In this case, while the upper
turning body 3 may be turned at a speed corresponding
to the lever operation amount of the left operating lever
26L in the right turning direction, the boom 4 may be
raised at a speed different from a speed corresponding
to the lever operation amount of the right operating lever
26R in the boom raising direction.

[0151] Alternatively, the autonomous control part 30C
may semi-automatically control both the turning speed
of the upper turning body 3 and the speed at which the
boom 4 is raised. In this case, the upper turning body 3
may be turned at a speed different from a speed corre-
sponding to the lever operation amount of the left oper-
ating lever 26L in the right turning direction. Likewise, the
boom 4 may be raised at a speed different from a speed
corresponding to the lever operation amount of the right
operating lever 26R in the boom raising direction.
[0152] The information communicating part 30D is
configured to communicate various kinds of information
to the operator of the shovel 100. In the present embod-
iment, the information communicating part 30D is con-
figured to notify the operator of the shovel 100 of the
distance between the tip of the bucket 6 and a virtual wall
VW during excavation work. Specifically, the information
communicating part 30D is configured to use visual in-
formation and aural information to notify the operator of
the shovel 100 of the horizontal distance between the tip
of the bucket 6 and a virtual wall VW.

[0153] For example, the information communicating
part 30D may use intermittent sounds through the audio
output device D2 to notify the operator of the horizontal
distance. In this case, the information communicating
part 30D may reduce the interval between intermittent
sounds as the horizontal distance decreases. The infor-
mation communicating part 30D may use a continuous
sound to represent the horizontal distance. The informa-
tion communicating part 30D may represent variations
in the horizontal distance by changing the pitch, loud-
ness, or the like of the sound. Further, the information
communicating part 30D may output an alarm when the
horizontal distance falls below a predetermined value.
For example, the alma may be a continuous sound sig-
nificantly louder than the intermittent sounds.

[0154] The information communicating part 30D may
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display the horizontal distance between the tip of the
bucket 6 and the virtual wall VW on the display device
D1 as work information. For example, the display device
D1 displays the work information received from the infor-
mation communicating part 30D on a screen, together
with image data received from the image capturing de-
vice 80. The information communicating part 30D may
use animage of an analog meter, an image of a bar graph
indicator, or the like to notify the operator of the horizontal
distance.

[0155] Next, anotherexample ofthe restriction function
of restricting the movement of the shovel 100 will be de-
scribed with reference to FIG. 8. FIG. 8 is a perspective
view of the shovel 100 that excavates a linear groove
GR. FIG. 8 depicts a situation in which sheet piles SP
are installed on wall surfaces of the already excavated
groove GR. Specifically, FIG. 8 depicts a situation in
which the shovel 100 repeats an operation of linearly
excavating the ground from the left side and installing
sheet piles SP on both side wall surfaces of the groove
GR, while proceeding with the excavation to the right
side. More specifically, FIG. 8 depicts a situation in which
sheet piles SP11 are installed along a wall surface on
the -Y side (the far side of the figure) of the groove GR,
and sheet piles SP12 are installed along a wall surface
on the +Y side (the near side of the figure) of the groove
GR. There is a portion of the groove GR where no sheet
piles SP are installed, and an excavated surface EP is
exposed. The excavated surface EP includes an exca-
vated surface EP11, which is a wall surface on the -Y
side (the far side of the figure) of the groove GR, and an
excavated surface EP12, which is a wall surface on the
+Y side (the near side of the figure) of the groove GR.
[0156] Forexample, the controller 30 identifies that the
groove GR has a depth GD and a width GW, and that
the sheet piles SP are installed to extend continuously
along the XZ plane, based on the output of the LIDAR
serving as the object detector 70, which is an example
of the surroundings monitoring device. In addition, the
controller 30 identifies that the excavated surface EP,
where no sheet piles SP are installed, extends continu-
ously along the XZ plane.

[0157] The controller 30 estimates the shape of the
surface of an unexcavated portion on the assumption
thatthe unexcavated portion is formed in the same shape
as that of the already excavated portion. Specifically, the
controller 30 estimates that the groove GR having the
depth GD and the width GW further extends in the -X
direction. Then, the controller 30 sets a virtual wall VW
along the estimated surface of the unexcavated portion
that is in the same plane as the excavated surface EP.
Specifically, the controller 30 sets a virtual wall VW11
along the estimated surface of the unexcavated portion
thatis in the same plane as the excavated surface EP11,
which is formed on the -Y side (the far side of the figure)
of the groove GR. In addition, the controller 30 sets a
virtual wall VW12 along the estimated surface that is in
the same plane as the excavated surface EP12, which
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is formed on the +Y side (the near side of the figure) of
the groove GR. In FIG. 8, the virtual wall VW11 is indi-
cated by a striped pattern diagonally downward to the
right and the virtual wall VW12 is indicated by a striped
pattern diagonally upward to the right. The virtual wall
VW11 is set to extend from the end on the -X side of the
sheet piles SP11 in the -X direction along the excavated
surface EP11. Accordingly, the controller 30 can prevent
the bucket 6 from damaging the excavated surface EP
of the already excavated portion, and can assist the in-
stallation of sheet piles along the virtual wall VW11 (the
excavated surface EP of the already excavated portion).
Further, similar to the already excavated portion, the vir-
tual wall VW11 set along the unexcavated portion has
the same depth as the depth GD of the groove GR. Ac-
cordingly, the controller 30 can assist excavation work
for forming an excavated surface EP on the unexcavated
portion such that the excavated surface EP of the unex-
cavated portion is formed in the same shape as that of
the already excavated portion. Further, the upper end of
the virtual wall VW11 is at the same level as the ground.
Thus, the movement of the shovel 100 above the ground
levelis not restricted. The same applies to the virtual wall
VW12.

[0158] The controller 30 may use the above-described
virtual wall VW to restrict the movement of an actuator.
Forexample, the controller 30 may restrictthe movement
of the turning hydraulic motor 2A such that the tip of the
bucket 6 does not enter the ground beyond the virtual
wall VW.

[0159] Further, the controller 30 may use the virtual
wall VW to assist the operator in the operation of an ac-
tuator, instead of restricting the movement of the actuator
or in addition to restricting the movement of the actuator.
Forexample, the controller 30 may use visual information
and aural information to notify the operator of the hori-
zontal distance between the tip of the bucket 6 and the
virtual wall VW.

[0160] Further, in the above-described example, the
controller 30 sets the virtual wall VW after identifying that
the groove GR is formed and the sheet piles SP are in-
stalled. However, the controller 30 may set the virtual
wall VW based on the excavated surface EP after iden-
tifying thatthe groove GRis formed and before identifying
that the sheet piles SP are installed. Alternatively, the
controller 30 may set the virtual wall VW based on infor-
mation on the sheet piles SP only, such as the height of
the sheet piles SP and the distance between two facing
sheet piles SP, irrespective of information on the exca-
vated surface EP before the installation of the sheet piles
SP.

[0161] As described above, according to the embodi-
ment of the present invention, the shovel 100 includes
the lower traveling body 1, the upper turning body 3 turn-
ably mounted on the lower traveling body 1, an actuator
mounted on the upper turning body 3, and the controller
30 serving as a control device configured to restrict the
movement of the actuator. The actuator includes at least
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one of a hydraulic actuator and an electric actuator. The
hydraulic actuator includes at least one of the left
traveling hydraulic motor 2ML, the right traveling hydrau-
lic motor 2MR, the turning hydraulic motor 2A, the boom
cylinder 7, the arm cylinder 8, and the bucket cylinder 9.
The controller 30 is configured to set a virtual wall VW,
and restrict the movement of the actuator based on the
positional relationship between the virtual wall VW and
the shovel 100. With this configuration, the controller 30
can appropriately restrict the movement of the shovel
100. Forexample, the controller 30 can restrictthe move-
ment of the shovel 100 even if no object approaches the
shovel 100. That is, the controller 30 can appropriately
restrict the movement of the shovel 100 without deter-
mining whether there is an object approaching the shovel
100. Therefore, it is possible to prevent unnecessary re-
striction of the movement of the shovel 100 due to incor-
rect detection of an object approaching the shovel 100.
Accordingly, the controller 30 can improve work efficien-
cy of the shovel 100.

[0162] The controller 30 may be configured to set a
virtual wall VW based on an object located in a work
environment. The object includes at least one of a utility
pole, a fence, and the ground.

[0163] The shovel 100 preferably includes a surround-
ings monitoring device attached to the upper turning body
3. For example, the surroundings monitoring device in-
cludes atleast one of the objectdetector 70 and the image
capturing device 80. That is, the shovel 100 does not
need to include both the object detector 70 and the image
capturing device 80. Aslong as the positional relationship
between a surrounding object and the shovel 100 can be
identified, the shovel 100 may be configured to include
just the object detector 70. Alternatively, as long as the
positional relationship between a surrounding object and
the shovel 100 can be identified, the shovel 100 may
include the image capturing device 80 only. The control-
ler 30 may be configured to detect an object based on
the output of the surroundings monitoring device and set
a virtual wall VW based on the object.

[0164] The controller 30 may be configured to derive
the regularity of the shape of an object or the arrangement
of objects based on the output of the surroundings mon-
itoring device, and set a virtual wall VW based on the
regularity of the shape of the object or the arrangement
of the objects. For example, the regularity may include
atleast one of continuity, linearity, symmetry, and repeat-
ability.

[0165] The controller 30 may be configured to set a
virtual wall VW based on the arrangement of a plurality
of road cones RC placed in the vicinity of the shovel 100.
With this configuration, the controller 30 can readily set
the virtual wall VW.

[0166] The controller 30 may be configured to slow or
stop the movement of an actuator in response to deter-
mining that a part of the shovel 100 crosses a virtual wall
VW. For example, the controller 30 may determine that
a part of the shovel 100 crosses a virtual wall VW when
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the distance between the part of the shovel 100 and the
virtual wall VW becomes zero. With this configuration,
the controller 30 can promptly stop the actuator when the
part of the shovel 100 has crossed the virtual wall VW.
[0167] For example, the controller 30 may be config-
ured to slow or stop the movement of an actuator such
that a part of the shovel 100 does not cross a virtual wall
VW. For example, the controller 30 may determine that
there is a possibility that a part of the shovel 100 may
cross a virtual wall VW when the distance between the
part of the shovel 100 and the virtual wall VW falls below
a predetermined value. Then, the controller 30 may slow
or stop the movement of an actuator. With this configu-
ration, the controller 30 can stop the movement of the
actuator before the part of the shovel 100 crosses the
virtual wall VW. As a result, the controller 30 can prevent
the part of the shovel 100 from crossing the virtual wall
VW.

[0168] For example, the controller 30 may be config-
ured to determine that a part of the shovel 100 may cross
a virtual wall VW when the distance between a point on
the outer surface of the shovel 100 and the virtual wall
VW falls below a predetermined value. The outer surface
of the shovel 100 includes the outer surface of the lower
traveling body 1, the outer surface of the upper turning
body 3, and the outer surface of the excavation attach-
ment AT.

[0169] Forexample, the controller 30 uses a hypothet-
ical three-dimensional model, such as a polygon model
or a wireframe model, to identify the three-dimensional
overall outline (outer surface) of the shovel 100, and cal-
culates the coordinates of points on the outer surface of
the shovel 100. The outer surface of the lower traveling
body 1 includes, for example, the front surface, the upper
surface, the lower surface, and the rear surface of the
crawlers 1C. The outer surface of the upper turning body
3 includes, for example, the surface of a side cover, the
upper surface of the engine hood, and the upper surface,
the left side surface, the right side surface, and the rear
surface of the counterweight. The outer surface of the
excavation attachment AT includes, forexample, the rear
surface, the left side surface, the right side surface, and
the inner surface of the boom 4, and also includes the
rear surface, the left side surface, the right side surface,
and the inner surface of the arm 5.

[0170] FIGS. 9 are diagrams illustrating configuration
examples of outer surfaces of polygon models of the
shovel 100. FIG. 9A is a top view of a polygon model of
the upper turning body 3 and the excavation attachment
AT.FIG. 9B is a top view of a polygon model of the lower
traveling body 1. FIG. 9C is a left side view of a polygon
model of the shovel 100. In FIG. 9A through FIG. 9C, the
outer surface of the lower traveling body 1 is represented
by diagonal lines, the outer surface of the upper turning
body 3 is represented by a rough dot pattern, and the
outer surface of the excavation attachment AT is repre-
sented by a fine dot pattern.

[0171] Theoutersurface of each of the polygon models
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of the shovel 100 may be identified as a surface located
outward by a predetermined margin distance relative to
the actual outer surface of the shovel 100. That is, the
polygon models of the shovel 100 may be identified as
respective enlarged models of the lower traveling body
1, the upper turning body 3, and the excavation attach-
ment AT. In this case, the predetermined margin distance
may be a distance that varies in accordance with the
movement of the shovel 100 (e.g., the movement of the
excavation attachment AT). The controller 30 may output
an alarm when a virtual wall VW enters a space repre-
sented by the enlarged polygon models of the shovel
100, and may slow or stop the movement of the shovel
100 by means of restriction control.

[0172] For example, the controller 30 may separately
determine whether there is a possibility that three por-
tions (the outer surface of the lower traveling body 1, the
outer surface of the upper turning body 3, and the outer
surface of the excavation attachment AT) constituting the
outer surface of the shovel 100 may cross a virtual wall
VW. For at least one of the three portions of the shovel
100, the controller 30 is notrequired to determine whether
there is a possibility of crossing a virtual wall VW.
[0173] Inthe example illustrated in FIG. 8, the control-
ler 30 may calculate distances from points on the outer
surface of the excavation attachment AT to the virtual
walls VW11 and VW12 for each predetermined control
period, and may determine whether the bucket 6 may
cross the virtual wall VW11 or the virtual wall VW12 based
on the calculated distances. In this case, the controller
30 is not required to calculate distances from points on
the outer surface of the lower traveling body 1 to the
virtual walls VW11 and VW12, and distances from points
on the outer surface of the upper turning body 3 to the
virtual walls VW11 and VW12.

[0174] Alternatively, at a work site where the shovel
100 may contact a power line installed above the shovel
100, the controller 30 may be configured to set a virtual
wall (virtual ceiling) above the shovel 100. Then, the con-
troller 30 may be configured to calculate distances from
points on the outer surface of the excavation attachment
AT (such as points on the outer surface of the end of the
boom) to the virtual wall for each predetermined control
period. In this case, the controller 30 is not required to
calculate distances from points on the outer surface of
the lower traveling body 1 to the virtual wall, and distanc-
es from points on the outer surface of the upper turning
body 3 to the virtual wall.

[0175] Alternatively, at a work site where the shovel
100 may contact an object behind or beside the shovel
100, the controller 30 may be configured to set a virtual
wall behind or beside the shovel 100. Then, the controller
30 may be configured to calculate distances from points
on the outer surface of the upper turning body 3 (such
as points on the outer surface of the counterweight) to
the virtual wall for each predetermined control period. In
this case, the controller 30 is not required to calculate
distances from points on the outer surface of the lower
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traveling body 1 to the virtual wall, and distances from
points on the outer surface of the excavation attachment
AT to the virtual wall.

[0176] Alternatively, at a work site where the shovel
100 may contact an object located near the crawlers 1C
and positioned lower than the crawlers 1C, the controller
30 may be configured to set a virtual wall in the vicinity
of the lower traveling body 1 and to be lower than the
crawlers 1C. Then, the controller 30 may be configured
to calculate distances from points on the outer surface
of the lower traveling body 1 (such as points on the outer
surfaces of the crawlers 1C) to the virtual wall for each
predetermined control period. In this case, the controller
30 is not required to calculate distances from points on
the outer surface of the upper turning body 3 to the virtual
wall, and distances from points on the outer surface of
the excavation attachment AT to the virtual wall.

[0177] Referringto FIG. 10, yet another example of the
restriction function will be described, in which the move-
ment of the shovel 100 (turning hydraulic motor 2A) is
restricted based on the distance between each of the
three portions constituting the outer surface of the shovel
100 and an object detected by the object detector 70,
which serves as the surroundings monitoring device.
FIG. 10 is a diagram illustrating another example config-
uration of a controller 30.

[0178] In the example illustrated in FIG. 10, the con-
troller 30 includes a virtual wall setting part 30A, a speed
command generating part 30E, a state identifying part
30F, a distance determining part 30G, a restriction target
determining part 30H, and a speed limit part 30S, as func-
tional elements. The controller 30 is configured to receive
signals output from the boom angle sensor S1, the arm
angle sensor S2, the bucket angle sensor S3, the body
tilt sensor S4, the turning angular velocity sensor S5, an
electrical left operating lever 26L, the object detector 70,
and the image capturing device 80, execute various com-
putations, and output control commands to a proportional
valve 31 and the like. Note that the virtual wall setting
part 30A of FIG. 10 operates in the same manner as the
virtual wall setting part 30A included in the controller 30
illustrated in FIG. 7.

[0179] The speed command generating part 30E is
configured to generate a command related to the move-
ment speed of each actuator based on a signal output
from the operation device 26. In the example illustrated
in FIG. 10, the speed command generating part 30E is
configured to generate a command related to the rota-
tional speed of the hydraulic motor 2A based on an elec-
trical signal output from the left operating lever 26L that
is operated in the horizontal direction.

[0180] The state identifying part 30F is configured to
identify the current state of the shovel 100. Specifically,
the state identifying part 30F includes an attachment
state identifying part 30F 1, an upper turning body state
identifying part 30F2, and a lower traveling body state
identifying part 30F 3.

[0181] The attachment state identifying part 30F1 is
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configured to identify the current state of the excavation
attachment AT. Specifically, the attachment state identi-
fying part 30F 1 is configured to calculate the coordinates
of predetermined points on the outer surface of the ex-
cavation attachment AT. Examples of the predetermined
points include all vertexes of the excavation attachment
AT.

[0182] The upper turning body state identifying part
30F2 is configured to identify the current state of the up-
per turning body 3. Specifically, the upper turning body
state identifying part 30F2 is configured to calculate the
coordinates of predetermined points on the outer surface
of the upper turning body 3. Examples of the predeter-
mined points include all vertexes of the upper turning
body 3.

[0183] The lower traveling body state identifying part
30F3is configured to identify the current state of the lower
traveling body 1. Specifically, the lower traveling body
state identifying part 30F3 is configured to calculate the
coordinates of predetermined points on the outer surface
of the lower traveling body 1. Examples of the predeter-
mined points include all vertexes of the lower traveling
body 1.

[0184] The state identifying part 30F may determine to
identify any of the states of the three portions (the outer
surface of the lower traveling body 1, the outer surface
of the upper turning body 3, and the outer surface of the
excavation attachment AT) constituting the outer surface
of the shovel 100, or determine not to identify any of the
states of the three portions.

[0185] The distance determining part 30G is config-
ured to determine whether the distance between each
point on the outer surface of the shovel 100, calculated
by the state identifying part 30F, and a virtual wall VW,
set by the virtual wall setting part 30A, falls below a pre-
determined value.

[0186] The restriction target determining part 30H is
configured to determine a restriction target. In the exam-
pleillustratedin FIG. 10, the restriction target determining
part 30H determines which actuator (hereinafter referred
to as a "restriction target actuator") should be restricted
in movement based on the output of the distance deter-
mining part 30G, namely based on whether the distance
between any of the points on the outer surface of the
shovel 100 and the virtual wall VW falls below the pre-
determined value.

[0187] The speed limit part 30S is configured to limit
the movement speed of one or more actuators. In the
example illustrated in FIG. 10, among speed commands
generated by the speed command generating part 30E,
the speed limit part 30S changes a speed command re-
lated to an actuator, which has been determined as a
restriction target actuator by the restriction target deter-
mining part 30H, and outputs a control command, corre-
sponding to the changed speed command, to the pro-
portional valve 31.

[0188] Specifically, the speed limit part 30S changes
a speed command related to the turning hydraulic motor
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2A, which has been determined as a restriction target
actuator by the restriction target determining part 30H,
and outputs a control command, corresponding to the
changed speed command, to a proportional valve 31BL
or a proportional valve 31BR. In this manner, the rota-
tional speed of the turning hydraulic motor 2A can be
reduced or

[0189] With the above-described restriction function,
the controller 30 illustrated in FIG. 10 can slow or stop
the movement of an actuator in order to prevent a part
of the shovel 100 from crossing a virtual wall VW.
[0190] Next, referring to FIG. 11, yet another example
of the restriction function will be described, in which the
movement of the shovel 100 (turning hydraulic motor 2A)
is restricted based on the distance between each of the
three portions constituting the outer surface of the shovel
100 and an object detected by the object detector 70,
which serves as the surroundings monitoring device.
FIG. 11 is adiagramiillustrating yet another example con-
figuration of a controller 30.

[0191] The controller 30 illustrated in FIG. 11 differs
from the controller 30 illustrated in FIG. 10, in that the
controller 30 illustrated in FIG. 11 is connected to a hy-
draulic operating lever including a hydraulic pilot circuit
while the controller 30 illustrated in FIG. 10 is connected
to the electrical operating lever including a hydraulic pilot
circuit. Specifically, a speed limit part 30S of the controller
30 illustrated in FIG. 11 generates speed commands
based on outputs of an operating pressure sensor 29,
and the speed limit part 30S of the controller 30 illustrated
in FIG. 11 changes, among the generated speed com-
mands, a speed command related to an actuator that has
been determined as a restriction target actuator by a re-
striction target determining part 30H. Then, the speed
limit part 30S outputs a control command, corresponding
to the changed speed command, to a solenoid valve 60
related to the actuator.

[0192] The solenoid valve 60 includes a solenoid valve
60L and a solenoid valve 60R. In the example illustrated
in FIG. 11, the solenoid valve 60L is an electromagnetic
proportional valve placed in a conduit connecting a left-
side port of a remote control valve, which discharges hy-
draulic oil when the left operating lever 26L is operated
in the horizontal direction, to a left-side pilot port of a
control valve 173. The solenoid valve 60R is an electro-
magnetic proportional valve placed in a conduit connect-
ing a right-side port of a remote control valve, which dis-
charges hydraulic oil when the left operating lever 26L is
operated in the horizontal direction, to a right-side pilot
port of the control valve 173.

[0193] Specifically, the speed limit part 30S changes
a speed command related to the turning hydraulic motor
2A, which has been determined as a restriction target
actuator by the restriction target determining part 30H,
and outputs a control command, corresponding to the
changed speed command, to the solenoid valve 60L or
the solenoid valve 60R. In this manner, the rotational
speed of the turning hydraulic motor 2A can be reduced
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or stopped.

[0194] Similar to the controller 30 illustrated in FIG. 10,
with the above-described restriction function, the control-
ler30illustrated in FIG. 11 can slow or stop the movement
of an actuator in order to prevent a part of the shovel 100
from crossing virtual wall VW.

[0195] The controller 30 may be configured to set a
virtual wall based on object data input into a construction
plan drawing, and restrict the movement of an actuator
based on the positional relationship between the virtual
wall and the shovel 100. The construction plan drawing
may be design data.

[0196] Although the embodiment of the present inven-
tion has been described in detail above, the present in-
vention is not limited to the particulars of the above-de-
scribed embodiment. Variations and replacements, may
be applied to the above-described embodiment without
departing from the scope of the present invention. Fur-
thermore, the separately described features may be suit-
ably combined as long as no technical contradiction oc-
curs.

[0197] For example, in the above-described embodi-
ment, the controller 30 sets a virtual wall VW based on
the output of the LIDAR. However, the controller 30 may
set a virtual wall VW based on the output of a camera
serving as the image capturing device 80, which is an-
other example of the surroundings monitoring device. In
this case, the controller 30 may use a known feature ex-
traction technique such as the Hough transform to extract
the regularity of the shape of an object, and set a virtual
wall VW based on the extracted regularity.

[0198] In the above-described embodiment, a virtual
wall VW is set as a plane extending vertically. However,
the virtual wall VW may be set as a plane extending hor-
izontally, or may be set as a plane extending obliquely
relative to the horizontal plane. Further, the virtual wall
VW may be set as a curved surface.

[0199] Further, information acquired by the shovel 100
may be shared with a manager and other shovel opera-
tors through a shovel management system SYS as illus-
trated in FIG. 12. FIG. 12 is a schematic diagram illus-
trating an example configuration of the shovel manage-
ment system SYS. The management system SYS is a
system that manages shovels 100. In the present em-
bodiment, the management system SYS is mainly con-
figured by a shovel 100, an assist device 200, and a man-
agement apparatus 300. Each of the shovel 100, the as-
sist device 200, and the management apparatus 300 in-
cludes a communications device. The shovel 100, the
assist device 200, and the management apparatus 300
includes a communications device are directly or indi-
rectly connected to each other via a cellular phone com-
munication network, a satellite communication network,
or anearfield communication network. The management
system SYS may include one or more shovels 100, one
or more assist devices 200, and one or more manage-
ment apparatuses 300. In the example illustrated in FIG.
12, the management system SYS includes the one shov-
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el 100, the one assist device 200, and the one manage-
ment apparatus 300.

[0200] The assistdevice 200 is typically a portable ter-
minal device, and may be, for example, a computer car-
ried by a worker or the like at a construction site, such
as a notebook personal computer (PC), a tablet PC, or
a smartphone. The assist device 200 may be a computer
carried by the operator of the shovel 100. Alternatively,
the assist device 200 may be a stationary terminal ap-
paratus.

[0201] The management apparatus 300 is typically a
stationary terminal apparatus, and may be, for example,
a server computer installed in a management center or
the like outside a construction site. The management ap-
paratus 300 may be a portable computer (for example,
a portable terminal device such as a notebook PC, a tab-
let PC, or a smartphone).

[0202] At least one of the assist device 200 and the
management apparatus 300 (hereinafter referred to as
the "assist device 200 or the like") may include a monitor
and a remote operation device. In this case, the operator
operates the shovel 100 while using the remote operation
device. The remote operation device is connected to the
controller 30 via a communication network such as a cel-
lular phone communication network, a satellite commu-
nication network, or a near field communication network.
[0203] In the above-described shovel management
system SYS, the controller 30 of the shovel 100 may
transmit information related to virtual walls VW to the
assist device 200. The information related to virtual walls
VW includes at least one of information related to the
positions of the virtual walls VW, information related to
the time (hereinafter referred to as the "determination
time") at which it is determined that there is a possibility
that a part of the shovel 100 may cross a virtual wall VW,
information related to the position of the part of the shovel
100 at the determination time, information related to work
contents of the shovel 100 at the determination time, in-
formation related to the work environment of the shovel
100 at the determination time, and information related to
the movement of the shovel 100 measured at the deter-
mination time and measured for a period of time before
and after the determination time. The information related
to the work environment of the shovel 100 includes at
least one of information related to the inclination of the
ground and information related to the weather. The in-
formation related to the movement of the shovel 100 in-
cludes at least one of a pilot pressure and the pressure
of hydraulic oil in a hydraulic actuator.

[0204] The controller 30 may transmit an image cap-
tured by the image capturing device 80 to the assist de-
vice 200. The image captured by the image capturing
device 80 may include a plurality of images captured for
a predetermined period of time including the determina-
tion time. The predetermined period of time may include
a period of time prior to the determination time.

[0205] Further, the controller 30 may transmit at least
one of information related to work contents of the shovel
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100 performed for a predetermined period of time includ-
ing the determination time, information related to the ori-
entation of the shovel 100, and information related to the
orientation of the excavation attachment, to the assist
device 200. As a result, it becomes possible for the man-
ager using the assist device 200 and the like to acquire
information related to a work site. That is, the manager
can analyze the cause of a situation in which the move-
ment of the shovel 100 is slowed or stopped. Further, the
manager can improve the work environment of the shovel
100 based on the analysis results.

[0206] Further, the controller 30 may be configured
such that the operator can change the position of a virtual
wall VW or generate a new virtual wall VW.

[0207] FIG. 13 illustrates an example in which the op-
erator changes the position of a virtual wall VW, set by
the virtual wall setting part 30A of the controller 30,
through the assist device 200. Specifically, FIG. 13 illus-
trates an example of an image GX displayed on a display
device of the assist device 200.

[0208] Inthe example of FIG. 13, the assist device 200
is a tablet PC, and includes the display device, an image
capturing device, and a positioning device. The display
device includes a touch panel. The positioning device is
a GNSS compass, and is configured to detect not only
the position of the assist device 200, but also the orien-
tation of the assist device 200. That is, the assist device
200 is configured to identify the position of an object in-
cluded in an image captured by the image capturing de-
vice.

[0209] Theimage GXincludesanimage G1and graph-
ic shapes G2 through G6. The image G1 is an image
(hereinafter referred to as a "camera image") captured
by a camera installed on the assist device 200. In the
example of FIG. 13, the operator captures an image of
a space on the road where a virtual wall VW is set. The
display device of the assist device 200 displays the cam-
era image in real time.

[0210] The graphic shape G2 represents a virtual wall
VW set by the virtual wall setting part 30A. In the example
of FIG. 13, the display device of the assist device 200
displays the graphic shape G2 representing the rectan-
gular virtual wall VW extending along the left lane of the
road. The assist device 200 receives information related
to the virtual wall VW via the communication device. The
assist device 200 associates two-dimensional coordi-
nates in the camera image with three-dimensional coor-
dinates in real space, based on the output of the posi-
tioning device. Thus, the assist device 200 can associate
the two-dimensional coordinates in the camera image
with the three-dimensional coordinates of a plurality of
vertexes defining the virtual wall VW. Further, the assist
device 200 can use an augmented reality technology (AR
technology) to superimpose and display an AR image
representing the virtual wall VW on the camera image.
[0211] The graphic shape G3 represents the reposi-
tioned virtual wall VW. In the example of FIG. 13, the
display device of the assist device 200 displays the
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graphic shape G3 representing the virtual wall VW that
has slightly moved to the right from the position set by
the virtual wall setting part 30A. The operator can change
the position of the virtual wall VW by touching an area
on the touch panel where the graphic shape G2 is dis-
played and dragging the finger to the right.

[0212] Alternatively, the operator may change the po-
sition of the virtual wall VW by touching one point on the
touch panel to which the operator desires to move the
virtual wall VW. Alternatively, the operator may change
the position of the virtual wall VW by touching four points
on the touch panel corresponding to four vertexes defin-
ing the virtual wall VW simultaneously or in order.
[0213] The graphic shape G4 represents vertexes of
the repositioned virtual wall VW. In the example of FIG.
13, the graphic shape G4 includes four graphic shapes
G4A through G4D indicating four respective vertexes of
the repositioned virtual wall VW.

[0214] The graphic shape G5 represents information
on the repositioned virtual wall VW. In the example of
FIG. 13, the graphic shape G5 indicates the latitude, the
longitude, the altitude of each of the four vertexes of the
repositioned virtual wall VW as the three-dimensional co-
ordinates of each of the four vertexes.

[0215] The graphic shape G6 represents a software
button for transmitting information from the assist device
200to an external device. In the example of FIG. 13, after
changing the position of the virtual wall VW, the operator
can transmit information on the virtual wall VW to the
controller 30 of the shovel 100, by touching an area on
the touch panel where the graphic shape G6 is displayed.
[0216] With the above-described information, the op-
erator can use the assist device 200 to change the posi-
tion of each of a plurality of virtual walls VW, as illustrated
in FIG. 4 and FIG. 8, to any position.

[0217] This application is based on and claims priority
to Japanese Patent Application No. 2018-058915, filed
on March 26, 2018, the entire contents of which are in-
corporated herein by reference.

DESCRIPTION OF THE REFERENCE NUMERALS

[0218] 1 ... lower traveling body 1C ... crawler 1CL ...
left crawler 1CR ... right crawler 2 ... turning mechanism
2A ... turning hydraulic motor 2M ... traveling hydraulic
motor 2ML ... left traveling hydraulic motor 2MR ... right
traveling hydraulic motor 3 ... upper turning body 4 ...
boom5 ...arm6 ... bucket 7 ... boom cylinder 7a ... boom
cylinder pressure sensor 8 ... arm cylinder 9 ... bucket
cylinder 10 ... cabin 11 ... engine 13 ... regulator 14 ...
main pump 15 ... pilot pump 17 ... control valve 18 ...
throttle 19 ... control pressure sensor 26 ... operation de-
vice 26A ... boom operating lever 26B ... turning operat-
inglever 26D ...traveling lever 26DL ... left traveling lever
26DR ... right traveling lever 26L ... left operating lever
26R ... right operating lever 28, 28L, 28R ... discharge
pressure sensor 29, 29A, 29B, 29DL, 29DR, 29LA, 29LB,
29RA, 29RB ... operating pressure sensor 30 ... control-
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ler 30A ... virtual wall setting part 30B ... trajectory calcu-
lating part 30C ... autonomous control part 30D ... infor-
mation communicating part 30E ... speed command gen-
erating part 30F ... state identifying part 30 F1 ... attach-
ment state identifying part 30F2 ... upper turning body
state identifying part 30F3 ... lower traveling body state
identifying part 30G ... distance determining part 30H ...
restriction target determining part 30S ... speed limit part
31, 31AL through 31DL, 31AR through 31DR ... propor-
tional valve 32, 32AL through 32DL, 32AR through
32DR ... shuttle valve 40 ... center bypass conduit 42 ...
parallel conduit 50L, 50R ... pressure reducing valve 60,
60L, 60R ... solenoid valve 70 ... object detector 70B ...
rear sensor 70F ... front sensor 70L ... left sensor 70R ...
right sensor 70UB ... upper rear sensor 70UF ... upper
front sensor 70UL ... upper left sensor 70UR ... upper
right sensor 80 ... image capturing device 80B ... rear
camera 80F ... front camera 80L ... left camera 80LR ...
right camera 80UB ... upper rear camera 80UF ... upper
front camera 80UL ... upper left camera 80UR ... upper
right camera 100 ... shovel 150 through 158, 171 through
176 ... control valve 200 ... assist device 300 ... manage-
ment apparatus AT ... excavation attachment D1 ... dis-
play device D2 ... audio output device NS ... switchRC ...
road cone S1 ...boom angle sensor S2 ... arm angle sen-
sor S3 ... bucket angle sensor S4 ... body tilt sensor S5 ...
turning angular velocity sensor SYS ... managementsys-
tem VW ... virtual wall

Claims
1. A shovel comprising:

a lower traveling body;

an upper turning body turnably mounted on the
lower traveling body;

an actuator mounted on the lower traveling body
or the upper turning body; and

a controller configured to restrict movement of
the actuator, wherein

the controller sets a virtual wall, and restricts the
movement of the actuator based on a positional
relationship between the virtual wall and the
shovel.

2. The shovel according to claim 1,
wherein the controller sets the virtual wall based on
an object located in a work environment.

3. The shovel according to claim 2,
further comprising a surroundings monitoring device
attached to the upper turning body, wherein
the controller detects the object based on output of
the surroundings monitoring device and sets the vir-
tual wall based on the object.

4. The shovel according to claim 3,
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wherein the controller derives a regularity of a shape
of the object based on the output of the surroundings
monitoring device, and sets the virtual wall based on
the regularity of the shape of the object.

The shovel according to claim 1,

wherein the controller sets the virtual wall based on
an arrangement of a plurality of road cones disposed
in vicinity of the shovel.

The shovel according to claim 1,

wherein the controller slows or stops the movement
of the actuator in response to determining that a part
of the shovel crosses the virtual wall.

The shovel according to claim 1,

wherein the controller slows or stops the movement
of the actuator such that a part of the shovel does
not cross the virtual wall.

The shovel according to claim 1,

wherein the controller restricts the movement of the
actuator, based on the positional relationship be-
tween the virtual wall and the shovel, the virtual wall
being set based on object data input into a construc-
tion plan drawing.

The shovel according to claim 1, further comprising
a surroundings monitoring device attached to the up-
per turning body, wherein

the surroundings monitoring device is disposed such
that a virtual line representing a boundary of a mon-
itoring range forms an angle of 90 degrees or more
with respect to a virtual plane that is perpendicular
to a turning axis.

The shovel according to claim 1, further comprising
a surroundings monitoring device attached to the up-
per turning body, wherein

the surroundings monitoring device includes a sur-
roundings monitoring device configured to monitor
an area obliquely above the shovel and a surround-
ings monitoring device configured to monitor an area
obliquely below the shovel, and

a monitoring range of the surroundings monitoring
device configured to monitor the area obliquely
above the shove partially overlaps with a monitoring
range of the surroundings monitoring device config-
ured to monitor the area obliquely below the shovel.

Amended claims under Art. 19.1 PCT

1.

A shovel comprising:

a lower traveling body;
an upper turning body turnably mounted on the
lower traveling body;
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an actuator mounted on the lower traveling body
or the upper turning body; and

a controller configured to restrict movement of
the actuator, wherein

the controller sets a virtual wall, and restricts the
movement of the actuator based on a positional
relationship between the virtual wall and the
shovel.

The shovel according to claim 1, wherein the con-
troller sets the virtual wall based on an object located
in a work environment.

The shovel according to claim 2, further comprising
a surroundings monitoring device attached to the up-
per turning body, wherein

the controller detects the object based on output of
the surroundings monitoring device and sets the vir-
tual wall based on the object.

The shovel according to claim 3, wherein the con-
troller derives a regularity of a shape of the object
based on the output of the surroundings monitoring
device, and sets the virtual wall based on the regu-
larity of the shape of the object.

The shovel according to claim 1, wherein the con-
troller sets the virtual wall based on an arrangement
of a plurality of road cones disposed in vicinity of the
shovel.

The shovel according to claim 1, wherein the con-
troller slows or stops the movement of the actuator
in response to determining that a part of the shovel
crosses the virtual wall.

The shovel according to claim 1, wherein the con-
troller slows or stops the movement of the actuator
such that a part of the shovel does not cross the
virtual wall.

The shovel according to claim 1, wherein the con-
troller restricts the movement of the actuator, based
on the positional relationship between the virtual wall
and the shovel, the virtual wall being set based on
object data input into a construction plan drawing.

The shovel according to claim 1, further comprising
a surroundings monitoring device attached to the up-
per turning body, wherein

the surroundings monitoring device is disposed such
that a virtual line representing a boundary of a mon-
itoring range forms an angle of 90 degrees or more
with respect to a virtual plane that is perpendicular
to a turning axis.

The shovel according to claim 1, further comprising
a surroundings monitoring device attached to the up-
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per turning body, wherein

the surroundings monitoring device includes a sur-
roundings monitoring device configured to monitor
an area obliquely above the shovel and a surround-
ings monitoring device configured to monitor an area
obliquely below the shovel, and

a monitoring range of the surroundings monitoring
device configured to monitor the area obliquely
above the shove partially overlaps with a monitoring
range of the surroundings monitoring device config-
ured to monitor the area obliquely below the shovel.

(Added) The shovel according to claim 1,
wherein the controller sets the virtual wall vertically
with respect to an object.

(Added) The shovel according to claim 11,
wherein the controller sets the virtual wall based on
a regularity of an arrangement of objects.

(Added) The shovel according to claim 1,

wherein the controller separately determines a po-
sitional relationship between the virtual wall and
each of the lower traveling body, the upper turning
body, and an excavation attachment.

(Added) The shovel according to claim 1,
wherein the controller sets the virtual wall as a closed
space.

(Added) A shovel comprising:

a lower traveling body;

an upper turning body turnably mounted on the
lower traveling body;

an actuator mounted on the lower traveling body
or the upper turning body;

a controller configured to restrict movement of
the actuator; and

a surroundings monitoring device disposed to
be directed obliquely upward.

(Added) An assist device for a shovel, the shovel
including a lower traveling body, an upper turning
body turnably mounted on the lower traveling body,
an actuator mounted on the lower traveling body or
the upper turning body, and a controller configured
to restrict movement of the actuator based on a po-
sitional relationship between a virtual wall and the
shovel, wherein

the virtual wall is set.
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